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Skull and Faee Fractures 


ANATOMY OF THE SKliLL AND 

FAGIAL SKELETON 

Skull and Faeial Bones 

• Neurocranium (eranial vault) : frontal, ethmoid, 
sphenoid, temporal, parietal, oeeipital bones 

• Viscerocranium (faeial skeleton): maxilla, nasal, 
laerimal, zygomatie, vomer, palatine, mandible 
bones 

• Base of skull: oeeipital, sphenoid, temporal, 
palatine, maxilla bones 

• Most of the bones of the skull are flat (type), with 
inner and outer “tables” (layers) of eompaet 
(eortieal) bone surrounding trabecular bone and 
marrow spaee (diploè). 

• Emissary veins eonneet diploie spaees with 
eerebral veins/sinuses (intraeranial) and sealp 
and superficial veins: potential route for intra- 
eranial spread of infeetion. 

• Sutures 

■ Thin fìbrous joints found only between skull 
and faeial bones 

■ Produced by intramembranous ossifieation 

■ May be indented (e.g., eoronal suture), planar, 
or squamous 

• Most eranial and faeial bones are pharyngeal 
areh derivatives. 

• Oeeipital, sphenoid, and ethmoid bones modified 
vertebrae and developed around notoehord. 



Skull and Faee Fractures 
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Sealp Layers 

• Skin: thin (thieker in oeeipital region); well sup- 
plied with arteries, veins, lymphatie drainage 

• Connective tissue: dense subcutaneous layer 
with rieh neurovascular supply 

• Aponeurosis of oeeipitofrontalis muscle, with 
lateral attaehments of temporoparietalis and 
posterior auricular rmiseles (eolleetively the 
epicranius) 

• Loose areolar tissue: allows aponeurosis move- 
ment; danger spaee for infeetions owing to 
emissary vein drainage into diploie spaees of 
eranmni 

• Pericranium: external periosteum, fibrously 
fused to sutures 

NEUROVASCULAR SUPPLY 

Arteries of Faee and Cranium 

External Carotid (Proximal to Distal) 

• Lingual: to tongue and floor of mouth, may have 
eommon origin with faeial 

• Faeial: superior, inferior labial, lateral nasal, 
angular branehes; to anteromedial faee 

• Posterior auricular: posterior to ear and mastoid 
regions 

• Oeeipital: lateral aspeet of head behind ear 

• Maxillary: deep auricular, anterior tympanie, 
deep temporal, middle meningeal, inferior alveo- 
lar, posterior alveolar, infraorbital branehes; to 
deep faee 

• Transverse faeial: lateral faee, parallel to parotid 
duct 

• Superficial temporal: anterior, lateral aspeet of 
erania 
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Skull and Faee Fractures 


Frontal 


Transverse faeial 
artery and vein 

Supraorbital 
artery and vein 

Supratrochlear 
artery 
and vein 
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superfieial temporal 

artery and vein 
Parietal 
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artery ^ 
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Faeial artery 
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External earotid artery 
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Internal 
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Retromandibular 
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Sources of arterial supply of faee 

Blaek: from internal earotid artery 
(via ophthalmie artery) 

Red: from external earotid artery 


Superficial Arteries and Veins of Faee and Sealp 







Internol Corotid 

• Anterior eerebral 

■ Ophthalmie artery: supraorbital, supratroch- 
lear, anterior and posterior ethmoid branehes 

• Middle eerebral 

Other 

• Vertebral: basilar, pontine, posterior and infe- 
rior eerebellar, posterior eerebral, posterior 
communicating branehes 

• Faeial: faee riehly perfused, with anastomoses 
aeross midline, anterior to posterior, and 
between intra- and extracranial branehes 

• Iíiesselbaeh’s area/plexus: anterior inferior nasal 
septal region, anastomoses between superior 
labial (faeial), sphenopalatine, palatine (maxil- 
lary), and anterior ethmoid (anterior eerebral via 
ophthalmie) branehes; frequent site of epistaxis 

Venous Drainage 

Internol Jugulor Vein 

Common Faeial Vein 

• Tributaries 

■ Faeial: superior, inferior labial, deep faeial, 
external nasal, angular <— orbital, inferior and 
superior palpebral 

■ Submental 

■ Retromandibular: superfìcial temporal, middle 
temporal, maxillary 

• Pterygoid venous plexus of deep faee eonneets 
with deep faeial and maxillary veins and with 
cavernous sinus via eonneetions through 
foramen ovale. 

• Faeial veins have no valves: potential route for 
spread of infeetion from faee and deep venous 
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Skull and Faee Fractures 




From maxillary division 
of trigeminal nerve (V2) 

Zygomatieofaeial nerve 
Zygomatieotemporal nerve 
Infraorbital nerve 


From ophthalmie division 
of trigeminal nerve (V^) 

Supraorbital nerve 

Supratrochlear nerve 

Palpebral braneh of 
laerimal nerve 

infratroehlear nerve 


Medial branehes of dorsal 
rami of eervieal spinal nerves 

Greater oeeipital nerve (C2) 


Auriculotemporal nerve 


External nasal 
braneh of anterior 
ethmoidal nerve 


From mandibiilar 
division of 
trigeminal nerve 

(V 3 ) 

Mental nerve — 
Buccal nerve — 


Branehes from 
eervieal plexus 

Lesser oeeipital 
nerve (C2) 
Great auricular 
nerve (C2, 3) 


Trigeminal 
nerve (V) 



Ophthalmie 
nerve (Vi) 


Maxillary 
nerve (V2) 




Mandibular 
nerve (V3) 



Dorsal rami 
eervieal spinal 
nerves 

Note: Auricular 
braneh of vagus 
nerve to external 
acoustic meatus 
and small area 
on posteromedial 
surface of auricle 

Branehes from 
eervieal plexus 


Cutaneous Nerves of Head and Neek 












sinuses to intraeranial sinuses (e.g., cavernous 
sinus via angular and orbital veins) 

Gommon faeial eonneets to external jugular vein 

Externol Jugular Vein 
Drains posterior auricular 

Innervation of the Head and Neek 

Granial nerve defieits may be assoeiated with 
speeifie regional fractures, trauma 
Olfaetory (I): speeial somatie sensory to superior 
nasal eavity; foramina: eribriform plate of 
ethmoid; intranasal GSF leakage, anosmia with 
ethmoid fracture 

Optie (II): foramen-optie eanal (sphenoid) 
Oculomotor (III), troehlear (IV): motor to extra- 
ocular muscles, travel through cavernous sinus, 
superior orbital fissure (sphenoid bone), and orbit 
Trigeminal nerve (V): sensory to most of faee 
and head, superficial and deep, including sinuses 
and supratentorial dura; motor to muscles of 
mastieation, tensor palati, and tensor tympani 

■ Ophthalmie division: foramen—superior orbi- 
tal fìssure (sphenoid bone) 

■ Maxillary division: foramen rotundum (sphe- 
noid bone) 

■ Mandibular division: foramen ovale (sphenoid 
bone) 

Abducens (VI): runs along clivus and through 
cavernous sinus and superior orbital fìssure to 
lateral rectus; elival fracture ean cause lateral 
gaze paralysis 
• Faeial (VII) 

■ Supplies muscles of faeial expression and 
stapedius 
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Skull and Faee Fractures 



■ Garries viseeromotor fibers to laerimal and 
submandibular and sublingual salivary glands 

■ Taste afferents for anterior 2/3 of tongue 

■ Exits stylomastoid foramen (temporal bone) 

• Acousticovestibular (vestibuloacoustic, audi- 
tory) (VIII): from eoehlea and vestibular appara- 
tus (labyrinth) in temporal bone; nerve enters 
internal acoustic meatus (temporal bone) 

• Glossopharyngeal (IX): taste and eommon sen- 
sation from posterior third of tongue and ton- 
sillar fossa; exits jugular foramen (between 
temporal and oeeipital bones) 

• Vagus (X): motor to palate, pharynx and larynx, 
thoraeoabdominal viseera; exits jugular foramen 
(between temporal and oeeipital bones) 

• (Spinal) aeeessory (XI): motor to sternomastoid 
and trapezms muscles; exits jugular foramen 
(between temporal and oeeipital bones) 

• Hypoglossal (XII): motor to tongue muscles 
except for palatoglossus (X); exits hypoglossal 
eanal (anterior supracondylar oeeipital bone) 

• Gervieal nerves 

■ No G1 dermatome exists. 

■ G2 spinal nerve: sensory to skull, skin from 
vertex down, infratentorial dura, parotid (auric- 
ulotemporal nerve), and infratemporal skin 

■ G3 spinal nerve: sensory to suboccipital region 

CLINIGAL eORRELATES 

Skull Fractures 

dossifieotion 

• Linear: fracture line is distinet 

• Gomminuted: multiple fragments, may be depressed 
with eompression of dura and brain (image) 



Compound depressed 
skull fracture. Note hair 
impaeted into wound 



Compound Depressed Skull Fractures 
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Skull and Faee Fractures 



Le Fort I fracture: 
horizontal detaehment of 
maxilla at level of nasal floor 


Le Fort II fraetiire: fracture 
through maxillae, antra, nasal 
bones, and infraorbital rims 


Vi 


Fracture 


rne 



Fracture 


rne 



Free-floating 
maxillary segment 


Fracture 
ine- 


- M 

ì* r 


Free-floating 
maxillary 
segment 

Le Fort III fracture: fracture 
through zygomatie bones 
and orbits, separating faeial 
bones from eranial vault 

Fracture in CSF 


* > ■ TTJ v 
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Free-floating 

maxilla 



Edema 
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Hematoma and massive edema 
may occlude nasal arivvay, 
neeessitating traeheostomy 





Faeial asymmetry, 


V 


nD espeeially elongation 
yf ^Eeehymosis over midfaee 
'Malocclusion 



Craniofacial dysjunction in Le Fort 
fracture distorts faeial symmetry 


Mid-face Fractures 


JOHN A,CRAIC—md 


1 







• Basilar: in skull base 

• Diastasis: fracture along a suture 

Compound 

• A compound fracture is any fracture communi- 
eating with sealp laeeration, sinuses, or middle 
ear. 

• Depressed compound fractures require surgical 
treatment. 

Middle Meningeal Artery 

• Underlies sphenoid, parietal, temporal bones 

• May be laeerated with fractures at pterion, 
resulting in epidural hematoma 

Faeial Fractures 

• Nasal fractures are most eommon (3rd most 
eommon fracture overall). 

• Blowout fracture of orbit 

■ Pressure of direet blunt trauma to eye frae- 
tures superior maxilla. 

■ Entraps orbital fat, inferior rectus or inferior 
oblique in antmni 

■ Impairs upward gaze 

Mid-face Fractures 

• Gonsequence of high-energy impaet with mid- 
faee (e.g., motor vehiele aeeident) 

Le Fort dassifieation 

• I: horizontal detaehment of maxilla along nasal 
floor 

• II: pyramidal fracture of maxilla, including nasal 
bones, antra, infraorbital rims, orbital floors 
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Lowered lateral portion 
of palpebral fissure 

Subconjunctival 
hemorrhage 


Eeehymosis 


Lateral eanthal lig. 
displaeed downward with 
disloeation of zygomatie bone 


Flattened 

eheekbone 




Disloeated zygomatie bone 
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Displaeed 

segment 
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Fracture at 
zygomatieofrontal 
suture line 




Displaeed 
segment 


i 






YTTto' 


Fracture at 

zygomaticomaxi I lary 
suture line 
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Zygomatie Fractures 






• III: pyramidal fractures as in II, with both zygo- 
matie bones; may be aeeompanied by airway 
problems, nasolaerimal obstmetion, GSF leakage 

Zygomatie Fractures 

• Tramna to eheek ean dismpt zygomatie articula- 
tions with frontal, maxilla, sphenoid, and tem- 
poral bones. 

• Frontal and maxillary suture line fractures are 
eommon, with displaeement inferiorly, medially, 
or posteriorly. 

• Displaeement of eanthie ligament with lower 
margin of orbit may be assoeiated with ipsilat- 
eral ocular and visual ehanges and diplopia. 

• Hyphema (anterior ehamber blood from hemor- 
rhage) from assoeiated eye impaet 

Mandible Fractures 

• Seeond most eommonly fractured faeial bone 
(after nasal) 

• Multiple fractures are eommon (50%), favored by 
U shape and bilateral articulations 

• Most eommon sites are cuspid (eanine) and 3rd 
molar regions. 

• Eeehymosis (blood leakage) is eommon in loose 
tissues of íloor of mouth. 
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Eeehymosis or 
laeeration 
of ehin 
(in ehildren) 
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Mylohyoid m 


Distorted 

soft-tissue 

contours 


Anatomy of mandible 
predisposes it to 
multiple fractures. 


Malocclusion 

Third molar 
area may be 
vveakened 
by partially 
empted 
molar. 


Subcondylar area 
ean fracture from 
blow to ehin. 




Displaeed 

segment 


Cuspid area is 
weakened 
by long tooth. 


3? 




Displaeed 

segment 


Step defeet 


Bleeding caused by fracture is 
trapped by fanlike attaehment of 
mylohoid musculature to 
mandible, and presents elinieally 
as eeehymosis in floor of mouth. 


Mandibular Fractures 




THYROID AND 
PARATHYROID ANATOMY 



Thyroid typieally eonsists of right and left lobes, 
eonneeted by a midline isthmus, with an aseend- 
ing pyramidal lobe in about 50% of eases. 

• Loeation 

■ Immediately anterior and lateral to traehea, 
from about 5th eervieal vertebra to lst tho- 
raeie vertebra 

■ Medial to internal jugular veins 

■ Anterior to eommon earotid arteries 

■ Deep to infrahyoid muscles: sternohyoid 
(medial), omohyoid, sternothyroid (lateral) 

■ Infrahyoid muscles embedded in pretraeheal 
faseia, deep to investing faseia of neek (super- 
fieial layer of deep faseia) 

Gonneetive tissue (true) capsule is continuous 
with the septa dividing the stroma of the gland. 
Surgical (false) capsule lies external to the true 
capsule and is derived from the pretraeheal 
faseia. 

Of the overlying strap muscles, the sternohyoid 
is most superficial, overlying the sternothyroid 
and thyrohyoid. 

Thyroid follicular (epithelial/prineipal) eells 
seerete thyroxine (T 4 ) and triiodothyronine (T 3 ), 
regulated by TSH reeeptors. 


Posterior view 



Superior 
laryngeal nerve 

Internal braneh 

External braneh 

Superior thyroid 
artery 

Common earotid 
artery 

Vagus nerve (X) 

Internal jugular 
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Thyroid gland 
(right lobe) 


Inferior thyroid vein 

Inferior thyroid artery 

Right recurrent 
laryngeal nerve 

Thyroeervieal 
trunk 

Right subclavian 
artery and vein 



Thyroid Gland and Pharynx: Posterior View 









Thyrotropin-releasing faetor or hormone (TRF 
or TRH) from hypothalanms eontrols TSH 
release from pituitary. 

Parafollicular (G) eells seerete ealeitonin. 

Parathyroids 

Superior parathyroid glands usually lie between 
the true capsule of the thyroid and its investing 
surgical (false) capsule faseia. 

Inferior parathyroid glands might lie between 
the true and false capsules, within the thyroid 
parenehyma, or on the outer surface of the surgi- 
eal capsule. 


VESSELS AND LYMPHATICS 

Arterial Supply 

• Superior thyroid arteries arise bilaterally from 
the external earotid arteries at, above, or below 
the bifurcation of the eommon earotid. 

• Inferior thyroid arteries arise bilaterally from 
the thyroeervieal trnnks (branehes of the sub- 
elavians) or oeeasionally direetly from the sub- 
elavian arteries. 

• Thyroid ima artery (1% of patients) 

■ Variable, unpaired, anterior to traehea 

■ Supplies isthmus 

■ Gan arise from braehioeephalie, right eommon 
earotid, or aortie areh: important eonsider- 
ation in traeheostomy 


Venous Drainage 

• Thyroid vein plexus is in the substance of the 
gland and on its surface. 

• Thyroid plexus is drained by 3 main pairs of 
veins. 



Thyroid Diseases 



Right lateral view 



Right recurrent 
laryngeal nerve 


Superior 
laryngeal artery 

External braneh 
of superior 
laryngeal nerve 


Superior 

parathyroid 

gland 


Thyroid gland 
(right lobe) 
(retraeted 
anteriorly) 

Inferior 

parathyroid 

gland 


External 
earotid artery 


Superior thyroid 
artery and 
vein (cut) 


Internal 
jugular vein 


Inferior thyroid 
artery and 
vein (cut) 


Blood Vessels and Parathyroid Glands 


Superior thyroid veins: aeeompany superior 
thyroid arteries 

Middle thyroid veins: oeeasionally double 
or absent, arise posterolaterally, drain 
independently 

Inferior thyroid veins: largest, drain inferiorly 





Lymphatie Drainage 

Vessels in interlobular eonneetive tissue parallel 
the arterial supply 

Gommunicate with capsular network 
Drainage into prelaryngeal, pretraeheal, paratra- 
eheal nodes, then into superior and inferior deep 
eervieal nodes 

Lateral drainage direetly into inferior deep eervi- 
eal nodes 

Some drainage into braehioeephalie nodes, 
trnnks, or thoraeie duct 


CLINIGAL CORRELATES 

Thyroideetomy 

• Partial or total removal of the thyroid may be 
indieated for refraetory severe hyperthyroidism, 
Graves’ disease, nodules, or eaneer. 

• Recurrent laryngeal nerves are at risk during 
surgery. 


Recurrent Laryngeal Nerve 

Nerve aseends from the thoraeie outlet, in or 
near the traeheoesophageal groove. 

Course past the inferior thyroid artery is highly 
variable: it ean pass anterior, between, or poste- 
rior to the artery’s bifurcation into anterior and 
posterior branehes. 


Thyroid Cancer 

• Rare, but most eommon endoerine malignaney 
in the United States 


Types of Thyroid Concer 
Thyroid adenomas 
Follicular adenomas 
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Papillary thyroid eareinoma 

■ Most eommon thyroid eareinoma 

■ Predominantly in women 

■ Slow growing 
Follicular thyroid eareinoma 

■ 10% of all U.S. eases 

■ Predominantly in women 

■ Slow growing 

■ Hiirtle eell eareinoma eonsidered a variant 

■ 1/3 of eases with radiation exposure history, 
no other eommon faetors 

• Medullary thyroid eareinoma 

■ Gan be assoeiated with multiple endoerine 
neoplasia, usually as the fìrst manifestation 

■ Arises from parafollietilar G eells 
Malignant lymphoma of the thyroid 
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Vertebral Fractures 


ANATOMY OF THE 

VERTEBRAL COLUMN 

Articulated Vertebrae and Spine 

• Number: 31 = G7 + T12 + L5 + S5 + Go4 

• Primary curvatures: thoraeie, saeral; present in 
utero 

• Seeondary curvatures: eervieal, lumbar; develop 
postnatally 

• Gurvatures dependent on body shapes and sizes 
and dise shapes and sizes 

• Consequences of upright gait, large head, high- 
speed travel: major fracture forees typieally are 
on eervieal or lumbar vertebrae 

• Physieal landmarks for surgery 

■ G2-G3 dise: level of mandible 

■ C3 body: level of hyoid bone 

■ G4-G5 bodies: level of thyroid eartilage 

■ G7 spine: vertebra prominens 

■ T7 body: level of inferior angle of scapula 

■ L4-L5 dise: level of iliae erest 


Typieal Vertebrae 

• Parts and landmarks: body, pedieles, lamina(e), 
spine, transverse proeesses, superior articular 
faeets, inferior articular faeets 

• Assoeiated rib eomponents (variable): develop- 
mental (homeobox) anomalies ean produce eer- 
vieal and himbar ribs. 
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Cervical Vertebrae 

• Gl, atlas 

■ No body, thin anterior and posterior arehes, 
posterior tubercle, no laminae or spine 

■ Lateral masses with superior (atlantooeeipital) 
and interior (atlantoaxial) articular faeets 

■ No transverse foramina grooves for vertebral 
arteries entering foramen niagmmi 

• G2, axis 

■ Body includes dens or odontoid proeess repre- 
senting developmental G1 body. 

■ Broad lamina with bifid posterior proeess 

■ Large interarticular part with planar superior 
articular faeet for Gl, more typieal inferior 
articular proeess for G3 

■ Strongest eervieal vertebra 

• Foramina transversaria 

■ Gontain vertebral arteries from G6 through 

G2 

■ Anterior rims are rib eomponents. 

• G3-G7, typieal eervieal vertebrae 

■ Large, upward-cupped bodies 

■ Bifid spinous proeesses 

■ G6 and G7 spines are longest of the eervieal 
vertebrae. 

■ Superior and inferior articular faeets eonstrain 
flexion, extension, and lateral flexion. 

Thoraeie Vertebrae 

• “Typieal” vertebrae 

• Synovial hemifaeets on upper and lower body for 

heads of ribs; vertebral-eostal joints 

• Synovial faeets on transverse proeesses for eos- 

totransverse joints with tubercles of ribs 
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Liimbar Vertebrae 

• Largest bodies of all regional vertebrae, bear 
weight of body above 

• Spinal foramina are larger superiorly, and spinal 
roots are larger inferiorly: L5 spinal nerves fit 
tightest. 

Saeral Vertebrae 

• Fusion of saeral bodies typieally occurs in adult- 
hood, though dise remnants ean remain visible 
on imaging. 

• Parts and landmarks 

■ Ala 

■ Saeroiliae articular surfaces 

■ Lumbosacral articular (dise) surface 

■ Promontory 

■ Fused bodies (5) 

■ Anterior and posterior foramina 

■ Goccyx (~4 segments) 

• Saeral eanal 

■ Continuation of vertebral eanal 

■ Gontains meninges and roots of cauda equina 

• Posterior 

■ Median and lateral saeral erests 

■ Superior articular faeet (to L5 inferior faeet) 

■ Saeral hiatus (end of saeral eanal, ref. caudal 
anesthesia) 

• Posterior and anterior saeroeoeeygeal ligaments 
are the tail ligaments. 

• See Pelvie Fractures for more information. 

Joints and Ligaments of the Spine 

• Vertebral body joints: dises, symphyses 

■ Anulus fibrosus: dense regular GT 
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■ Nucleus pulposus: gelid remnant of embryonie 
notoeord 

■ Anulus reinforeed anteriorly by broad anterior 
longitudinal ligament: resists hyperextension 

■ Anulus weakest lateral to narrow dorsal longi- 
tudinal ligament, favors herniation posteriorly 
near intervertebral foramina and exiting spinal 
roots 

■ Dises support range of movement between 
adjoining vertebrae (dashpot function). 

Vertebral areh joints: between superior and infe- 

rior articular proeesses of successive vertebrae 

■ Synovial, zygapophyseal, sliding 

■ Shape of articular proeesses determines axes 
of movement between regional vertebrae. 

Ligamenta flava run between laminae. 

Interspinous and supraspinous ligaments 

■ Prevent hyperflexion, help maintain upright 
extension of neek and lower baek 

■ Gontinuous with raphes of trapezius, lumbar 
aponeuroses 

Ligamentmn nuchae: supraspinous ligament + 

raphes of trapezius and eervieal nmseles 

Teetorial membrane 

■ Epidural 

■ Continuous with posterior longitudinal 
ligament 

■ Stabilizes atlantooeeipital joints 

Gmeiate ligament (eraniovertebral) 

■ Deep to teetorial membrane 

■ Part of synovial atlantoaxial joint 

■ Transverse + longitudinal parts 

■ Transverse ligaments pass posterior to dens 
and attaeh to inner anterior areh of atlas. 



■ Superior longitudinal band attaehes to oeeipi- 
tal bone above foramen magnum. 

■ Inferior longitudinal band attaehes to G2 body 
posteriorly. 

■ Stabilizes atlantoaxial joints 

• Alar ligaments 

■ From head of dens to oeeipital bone above 
foramen magnum 

■ Limit rotation of head/atlantoaxial joint 

NERVES AND VESSELS OF 
SPINE AND CORD 

Spinal Cord and Nerves 

• Spinal eord and meningeal sheaths adjoin inner 
bone of bodies, pedieles, laminae in vertebral eanal 
and are susceptible to trauma with fractures. 

• Epidural spaee separates dura from periosteum 
and ligaments of vertebral eanal. 

• G1-G7 spinal nerves and ganglia exit eanal above 
numbered vertebral areh or pediele. 

• G8 lies below G7 pediele, above Tl. 

• Spinal nerves T1 and below exit below the ped- 
ieles of the same-numbered vertebrae. 

• Because the eord is shorter than the length of 
vertebral eanal, eervieal roots exit more laterally 
than those below. 

• Phrenie nerve (G3-G5 segments): eord injuries at 
or above G4 ean cause diaphragmatie paralysis. 

• Upper limb enlargement (G5-T1 eord; for bra- 
ehial plexus) 

■ About same level as eervieal vertebrae 

■ Gord injuries at or above these segments eom- 
promise upper limb (and lower) musculature 
and sensation. 
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Gonus medullaris (adult): inferior tip of spinal 
eord typieally lies ~ mid-body L2 level. 

Lower limb enlargement (L3-S1 eord for lumbo- 
saeral plexus) 

■ At levels of lower thoraeie and uppermost 
lumbar vertebrae 

■ Gord injuries at or above these segments eom- 
promise lower limb and pelvie musculature 
and sensation. 

Lumbosacral roots travel nearly vertieally to 
individual vertebral foramina: posterior L4 her- 
niation typieally spares L4 roots and eompresses 
eloser L5 and S1 roots within dural sae. 

L4 and L5 (suprasacral) dises are the most sus- 
eeptible to herniation. 


Vessels 

Arteries of the Spine and Cord 

• Vertebrae are supplied by periosteal and equato- 
rial branehes of major eervieal and thoraeoab- 
dominal arteries. 

■ Gervieal: vertebral artery and aseending eervi- 
eal artery 

■ Thoraeie: posterior intereostal artery branehes 

■ Lumbar: subcostal and lumbar arteries 

■ Sacrum and coccyx: iliohmibar, lateral, and 
medial saeral arteries 

• Spinal eord is supplied by longitudinal anterior 
(1) and posterior spinal (2) arteries, arising 
superiorly from vertebral arteries. 

• Spinal arteries reeeive segmental input from 
segmental spinal and radicular branehes of 
eervieal and thoraeoabdominal arteries (e.g., 
aorta). 
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• Radicular and segmental anastomoses do 
not occur at every spinal level, favoring 
eervieal and lumbosacral limb enlargements 
of eord. 

• Largest segmental, great anterior medrillary 
artery (Adamkiewicz) supplies ~2/3 of eord, 65% 
left only, at lower thoraeie or lrnnbar level. 

Verious Drainage 

• Venous drainage parallels the arteries. 

• Anterior external plexus: drain basivertebral 
veins from bodies. 

• Posterior external plexus: around spines 

• Internal (epidural) plexus 

■ Anterior and posterior networks lining verte- 
bral eanal 

■ Anterior also drains basivertebral veins. 

• Plexuses eonneet to azygous system, eervieal, 
lumbar veins and may be dilated with eaval 
obstmetion or portal hypertension. 

OLINIGAL CORRELATES 

Three-Column Concept for 
Vertebral Fractures 

• Anterior column: anterior half of vertebral body 
+ anterior longitudinal ligament 

• Middle eohimn: posterior half of vertebral body 
+ posterior longitudinal ligament 

• Posterior column: faeet joints, laminae, spines, 
interspinous ligament 

• Fracture is unstable if >1 eolrimn is dismpted. 

• Anterior eohmin eompression (wedge) fractures 
are usually eonsidered stable. 

• Burst fractures are eonsidered unstable. 




Anterior longitudinal ligament 





Chance fraetiire 


Complete transverse fracture through 
entire vertebra. Note hinge effeet of 
anterior longitudinal ligament 



Lateral radiograph 
shows burst fracture of 
body of T12 with 
wedging, kyphosis, and 
retropulsion of 
fragments into spinal 
eanal. 



Sagittal view of fracture 
shown in radiograph 
above 
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Cervical Fractures 

• G1 burst (Jefferson): caused by axial forees 

• G2 hangman’s: caused by extension, distraetion 

• G2 odontoid 

■ Type I: above base, stable 

■ Type II: at base, unstable 

■ Type III: extends into body, unstable 

Thoracolumbar Fractures 

• Thoracolumbar junction is the most mobile 
spinal segment and most eommon site of injury. 

• Assoeiated trunk and limb injuries are eommon. 

• Neurologic injuries are often eomplete in tho- 
raeie spine trauma. 

• Thoracolumbar junction-level spinal injuries 
ean damage the conus medullaris. 

• Lumbar spine injuries typieally affeet roots of 
the cauda equina. 

Saeral Fractures 

• Saeral fractures are typieally assoeiated with 
other fractures of the pelvis (e.g., motor vehiele 
aeeidents). 

• See Pelvie Fractures for more information. 
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Radieiilar pain due to nerve root eompression 
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Breast Diseases 


ANATOMY OF THE BREAST 

Basie Structure 

• Adipose tissue and lactiferous glands lie between 
superficial and deep layers of superficial thoraeie 
faseia. 

• Gooper’s (suspensory) ligaments: partitions of 
fìbrous eonneetive tissue mnning from the 
deep faseia over the peetoralis major, external 
intereostals, and serratus anterior, through the 
breast parenehyma, to the dermis and superfi- 
eial faseia 

• Gooper’s ligaments form septa around glandular 
ehisters and fat. 

• Lactiferous ducts eomnmnieate with openings 
on nipple and areola. 

• Aeeessory glands in areola: Montgomery’s 
tubercles 

• Nipple eontains skin, eonneetive tissue, seba- 
ceous glands, smooth muscle, vessels, and ducts. 

Endoerinology 

• Estrogen (e.g., in pregnaney) and tissue-based 
estrogen reeeptors eontrol glandular prolifera- 
tion and seeretory states in eoneert with pro- 
gesterone and other hormones and growth 
faetors. 

• Gyelie inereases in estrogen level cause swelling 
and promote glandular growth. 
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• Gyelie inereases in progesterone inerease glan- 
dular maturation; deereases are assoeiated with 
menses. 

Sensory Innervation 


Gutaneous and deep, lateral cutaneous branehes 
of T2-T6 


Nipple, T4, anterior and anterolateral (cutane- 
ous) branehes of 4th intereostal nerves 
Nerve eompression by surrounding muscle ean 
cause pain (e.g., Tietze’s syndrome, T4). 


Development and Embryology 


Ducts and alveoli of glands are formed from 
invaginating eetoderm. 

Supporting eonneetive tissue, blood vessels, and 
lymphaties are formed from mesenehyme. 
Embryonie mammary ridges extend from axilla 
to inguinal region; all but the most superior 
usually regress. 

Aeeessory or supernumerary nipples may be 
found along “this milk line.” 

Aeeessory axillary breast tissue is a developmen- 
tal anomaly. 


VESSELS AND LYMPHATICS 

Arterial 



Medial: internal thoraeie (mammary) artery, 
braneh of subclavian (hrst division) 

Superior: supreme thoraeie artery, braneh of 
axillary (hrst division) 

Lateral: thoraeoaeromial, lateral thoraeie, eir- 
cumflex scapular, subscapular, and thoraeodor- 
sal branehes of the axillary artery (seeond and 
third divisions) 
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Vessels and Lymphaties of Breast 







• Inferolateral: contributions from lateral (perfo- 
rating) branehes of intereostal arteries 

Venous Drainage 

• Drainage toward the axilla and axillary vein via 
named branehes, including supreme thoraeie, 
thoraeoaeromial, lateral thoraeie, circumflex 
scapular, subscapular, and thoraeodorsal 

• Deep and medial drainage, inehiding ehest wall 

■ Anteriorly to intereostal veins and into the 
internal thoraeie (mammary) veins 

■ Posteriorly through posterior intereostal 
veins into the azygos and hemiazygos vein 
systems 

Lymphatie Drainage 

• Drainage is extensive and nmltidireetional. 

• Main flow is lateral, to axillary nodes. 

■ Level I: lateral and inferior to the lower border 
of the peetoralis minor 

■ Level II: deep, posterior to the peetoralis 
minor, including Rotter’s nodes between the 
peetoralis muscles 

■ Level III: above or medial to the upper border 
of the peetoralis major, including subclavicu- 
lar and supraclavicular nodes 

• Deep flow is along internal thoraeie (mammary) 
vessel pathways to parasternal nodes, draining 
toward subclavian, supraclavicular, and deep 
eervieal nodes. 

• Metastasis spreads through groups of nodes in an 
unpredictable manner. 

• Loeation of sentinel node (nearest, with 
metastasis) in axilla depends on the patient’s 



speeifìe drainage pattern from the tumor 
site. 

• Dye, traeer, or biopsy ean miss real sentinel 
nodes (false negatives). 

CLINIGAL OORRELATES 

Diagnostie Procedures 

• X-ray mammography is the gold standard. 

■ -90% sensitivity and speeifieity, overall 

■ Sensitivity low in young women due to greater 
density of parenehymal tissue 

• Magnetie resonanee imaging (MRI) is helpful in 
determining the extent of disease. 

• Given elinieal exam and positive mammography 
evidenee, diagnosis of malignaney must be made 
by a pathologist: eare is needed in biopsy 
procedures. 

■ Fine needle aspiration biopsy (FNAB) 

■ Gore needle biopsy (GNB) 

■ Excisional biopsy: lesion plus margins; speei- 
men should be anatomieally oriented by 
labeling margins, so pathologist ean identify 
margins that may be involved. 

• Appropriate pathologieal analysis includes 
histologieal grading, estrogen and progesterone 
reeeptor levels, and Her-2/neu reeeptor status (if 
appropriate for systemie therapy). 


Benign Disease 

dassifieation 

Nonproliferative with no inereased risk of 
neoplasia 

• Proliferative, relative risk 1.5-2.0 
Proliferative with atypia, relative risk 4.5-5.0 




Often deteeted on 
self-examination as a 
mass that may fluctuate 
in size in different 
phases of the 
menstmal eyele 
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r ., .. eysts within breast tissue 
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Fibroeystie Disease 

• Multiple types 

Symptoms: pain, nipple diseharge, masses, 
lumps that vary with menstmal eyele 
Atypieal ductal or lobular hyperplasia 
Selerosing adenosis ean appear as a ehister of 
ealeiheations without pain or apparent mass and 
might look like eaneer on mammogram. 

Other Benign Breast Diseases 

Abseesses and infectious mastitis 

■ May be assoeiated with breast-feeding 

■ Gommonly caused by Staphyloeoeens 
aureus 

Fibroadenomas: most eommon in adoleseents 
and young women 

Gysts: diserete, ean feel hard before menses, are 
visible on ultrasound 

■ Simple: might disappear after aspiration 

■ Gomplex: might require excision, espeeially if 
solid eomponents are imaged 

Ductal eetasia: ducts ending in areolar tissue, 
may beeome infeeted 

• Papillomas 

■ Intraductal are the most eommon cause of 
blood diseharge from nipple. 

■ Not premalignant, but studied for atypia 

■ Excision is often reeommended. 

• Phyllodes tumors 

■ Resemble hbroadenomas, but are pathologi- 
eally distinguished by proliferation of stromal 
and epithelial eells eompressing surrounding 
tissue 

■ High recurrence rate, excision reeommended 
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• Gystosareoma phyllodes: malignant variant of 
phyllodes tumor 

• Selerosing adenosis and radial sears: ean 
give radiologieal appearanee of infiltrating 
eaneer 

• Superficial venous thrombophlebitis (eordlike) 
may be assoeiated with tramna and strenuous 
aetivity (e.g., Mondor’s disease). 

Premalignant Lesions 

Ductol Carcinoma in Situ (DCIS) 

• Gonsidered a premalignant lesion 

• 50% ipsilateral eaneer risk with unresected 
lesions 

• 5%-10% progress to eontralateral breast eaneer. 

• Not palpable, with cluster ealeifieations 

• Gharaeterized by malignant duct eells that do 
not invade the basement epithelium 

• Treatment 

■ Lumpectomy with radiation or ehemotherapy 
for small-focus lesions 

■ Simple masteetomy for high-grade (eomedo- 
type or nmltieentrie or multifocal) lesions 

Lobular Carcinoma in Situ (LCIS) 

• Gonsidered a marker for the development of 
eaneer 

• 40% progress to eaneer. 

• Not palpable, no ealeifieations 

• Patients whose lesions progress to eaneer are 
more likely to develop ductal eareinoma. 

• Primarily a premenopausal disease 

• Often found ineidentally 



Breast Cancer 

Carcinoma: Risk Faetors 

Risk is 1/9 for white Ameriean women; rate for 
Latin Ameriean and blaek women has been 
lower but is eatehing up. 

Lobular eareinoma in situ may be a precursor of 
invasive lobular disease. 

5%-10% of patients have a mutation in BRCA1 or 
BRCA2 genes. 

■ BRGAl (ehromosome 17q): hereditary breast 
and ovarian eaneer syndrome 

■ BRGA2 (ehromosome 13, ql2-13 region): in 
families with heredity male breast, prostate, or 
panereatie eaneer 

Other faetors: personal history of breast eaneer, 
prior exposure to ionizing radiation (e.g., thera- 
peutic), inereasing age 

Early onset of menses is assoeiated with 
inereased risk 

Current evidenee is equivocal on risk with eon- 
traeeptives and hormone therapy. 

About 2% of all breast eaneers occur in men. 

Paget's Disease of the Breast 
Epithelial neoplasia beginning in nipple and 
areola, extending through ducts to deeper tissues 
Invasive disease is treated like ductal or lobular 
eaneer. 

dinieal Signs 

Tumors involving Cooper’s ligaments cause skin 
dimpling. 

Carcinoma involving the mammary ducts causes 
nipple retraetion. 





Breast Diseases 


Dimpling of skin over a eareinoma is caused by 
involvement and retraetion of suspensory 
(Cooper's) ligaments. 
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Skin Dimpling 


• Carcinomatous invasion of subcutaneous lym- 
phaties causes lymphedema, with orange peel 
(peau d’orange) appearanee of the skin. 

Stoging ond Treatment 

Treatment has long been based on prineiples of 
tumor eell biology, which praetieally require 
staging, assessing the anatomieal progression of 
tumors. 



Carcinomatous involvement of mammary ducts 
may cause duct shortening and retraetion or 
inversion of nipple. 


1 


Retraetion 
of nipple 




Nipple Retraetion 
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Vascular signs 

Dilated 
superficial vv. 



Carcinoma 


Fast-growing tumor with large 
vascular demand may cause 
dilatation of superficial veins, j| ; C 

ereating prominent vascular 
pattern over breast. 
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Skin edema 


Skin edema with peau 
d'orange appearanee 


Subcutaneous 

lymphaties 


V 


Lymph 

accumulation 







\n vg 






Skin gland 
orifiees 



4 v 




\ m 




JOHN A.CRAIC_/ad 



Involvement and obstruction 
of subcutaneous lymphaties 
by tumor result in lymphatie 
dilatation and lymph accum- 
ulation in the skin. Resultant 
edema ereates "orange 
peel" appearanee due to 
prominenee of skin 
gland orifiees. 


dinieal Signs of Breast Cancer 





■ Current tumor/node/metastasis (TNM) system 
is based on elinieal and pathologieal 
elassifieation. 

■ Primary tumor (T): seored by size and ana- 
tomieal loeation, involvement of the ehest wall 

■ Lymph node status (N): seored by mimber, 
size, and loeation of affeeted nodes 

■ Metastasis (M): seored based on evidenee of 
spread to distant structures 

■ Stages 0 through IV are based on a matrix of 
TNM seores, with stage 0 being newly diag- 
nosed in situ disease (Tis) and stage IV being 
any eombination of T and N seores with distant 
metastasis (Ml). 

■ With staging, indieations for ffirther treatment 
account for the speeifie loeation and extent of 
disease. 

Treatment 

■ Lumpectomy 

± Breast-eonserving therapy that excises 
identified lesions with surrounding elean 
margins. 

* Usually eombined with x-ray therapy (XRT) 
as an alternative to simple masteetomy 

■ Simple masteetomy (formerly total) 

± Standard of eare for T1 and T2 eaneers 

* Removal of entire breast, superficial and 
deep faseia, nipple and areola, level I and II 
axillary nodes 

± Reeonstmetion 

■ Radieal masteetomy 

± For stage II and III, as appropriate: entire 
breast, superficial and deep faseia, peetoralis 



major, nipple, areola, axillary lymph node 
disseetion (ANLD) 

± Reeonstmetion, postoperative XRT, and sys- 
temie therapy 

ANLD must avoid damaging the long thoraeie 
nerve (to serratus anterior), as it lies on the 
lateral thoraeie wall (medial wall of axilla). 
Ghemotherapeutic adjuncts, alternatives 
± Breast eaneer systemie therapy 
* Adjuvant systemie therapy 
± Neoadjuvant (induction ehemotherapy) 




ANATOMY OF THE ESOPHAGUS 

• Fibromuscular tube (~25 em) mnning from the 
pharynx in the neek, through the thorax and 
diaphragm, to the stomaeh in the abdomen 

• Runs just posterior to the traehea and anterior 
to vertebral bodies in the neek and superior 
mediastinum 

• Runs just posterior to the heart (left atrium and 
left ventriele) in the posterior mediastimmi 

• Tends to run to the left below T4 but is pushed 
to the eenter by the areh of the aorta and the 
root of the left lung 

• Esophageal hiatus of the diaphragm is to the left 
of midline, at the level of the TIO vertebra. 

• Upper esophageal sphineter: circular muscle 
of the superior esophagus, including the erieo- 
pharyngeus, the hrst region of anatomieal 
eonstrietion 

• Also eompressed in its course by 3 structures, 
as seen on barium swallow (when expanded) 

■ Areh of the aorta 

■ Left main bronchus 

■ Diaphragm: passes between the superior hbers 
of the right crus 

• Ends at the eardial orihee of the stomaeh, left of 
midline 

• Retropharyngeal danger spaee: possibility of infee- 
tion spreading retroesophageally into the thorax 
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Mieroseopie Anatomy 

Mucosa 

• Highly folded stratified squamous epithelium, 
with walls in apposition unless distended by 
swallowing 

• Mucous glands more numerous inferiorly 
Tunica Muscularis 

• Inner circular: continuous superiorly with the 
circumferential fibers of the inferior pharyngeal 
eonstrietor 

• Outer longitudinal 

■ Upper third is striated (voluntary muscle) like 
the pharynx. 

■ Middle third is a eombination of striated and 
smooth muscle. 

■ Lowest third is smooth muscle. 

Tunica Adventitia 

• Fibrous, not serous 

• Has embedded arterial, venous, and nerve 
plexuses 

Innervation 

• The esophageal nerve plexus is eomposed of 
vagal afferent and efferent, sympathetie efferent, 
and segmental sensory eomponents. 

• Parasympathetie preganglionie fibers 

■ Upper (eervieal) portion from the recurrent 
laryngeal nerve 

■ Thoraeie portion from the vagus via the pul- 
monary plexus (peribronehial) 

■ Ganglion eells loeated in myenterie plexuses 
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• Sympathetie postganglionie fìbers 

■ Via nerves from eervieal and thoraeie ehains 

■ From eervieal ganglia and thoraeie ganglia 

• Sensory fibers (viseeral afferent) 

■ Vagus: streteh, ehemoreeeptor, noeieeptor; to 
vagal ganglia 

■ Segmental (parallel to sympatheties) with 
spinal nerves; to eervieal and thoraeie dorsal 
root ganglia 

VESSELS AND LYMPHATICS 

• Extensive submucosal vascular plexuses allow 
mobilization of large extents of the esophagus 
with reduced risk of isehemia. 

Arterial Supply 

• Gervieal portion is supplied by branehes of 

arteries from thyroeervieal 

trnnks of the right and left subclavian arteries. 

• Thoraeie branehes (unpaired) from the adjaeent 
aorta 

• Abdominal portion supplied by branehes of the 
eeliae (left gastrie) and left inferior phrenie 
arteries 

Venous Drainage 

• Esophageal venous plexus has nmltiple 
eonneetions. 

■ Right and left azygos venous ehannels, seg- 
mental body wall drainage (into superior vena 
eava); includes hemiazygos and aeeessory 
hemiazygos on left 

■ Inferior thyroid veins into subclavian veins 
(and superior vena eava) 


the inferior thyroid 
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Esophageal braneh of 
Inferior thyroid artery 

Subclavian artery 

Areh of aorta 

Esophageal braneh of 
right bronehial artery 

Inferior left bronehial 
artery and esophageal 
braneh 


Esophageal branehes of 
thoraeie aorta 


Esophageal 
braneh of left 
gastrie artery 


Common variations: Esophageal 
branehes may originate from left 
inferior phrenie artery and/or 
direetly from eeliae trunk. 
Branehes to abdominal esophagus 
may also eome from splenie or 
short gastrie arteries. 
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■ Inferiorly into the portal vein (direetly), splenie 
vein, and superior gastrie venous plexus 

• Because of portal and systemie (azygos, ete) 
eonneetions of the submucosal veins, they 
ean beeome enlarged (variees) in portal 
hypertension. 

• Risk of rupture of variees and esophageal hemor- 
rhage with aleoholie eirrhosis 

• Venous plexus ean also be distended in eaval 
obstmetion, by venous return shunted through 
azygos system. 

Lymphatie Drainage 

• Parallels the arterial supply 

• Upper portions drain into paratraeheal and infe- 
rior deep eervieal nodes. 

• Abdominal drainage is into left gastrie lymph 
nodes, then into eeliae nodes. 

• Extensive submucosal lymphatie ehannels allow 
metastatie eells ready aeeess to the deeper 
drainage. 

dlNIGAL CORRELATES 

Siirgieal Approaehes to the Esophagus 

• Gervieal: left sided preferred, because esophagus 
runs slightly to the left of the traehea 

• Upper (1/3) thoraeie: right, avoids aorta 

• Lower (2/3) thoraeie: left, because esophagus 
here typieally lies to the left of midline 

Zenker's Diverticulum 

• False (posterior) diverticulum 

• Occurs between the cricopharyngeus and the 
rest of the inferior eonstrietor 

• Caused by inereased swallowing pressure 



Virehovv's 

node 


Paratraeheal 
nodes 


Superior and 
inferior 
traeheo- 
bronehia 
nodes 


Juxtaesophageal 
and superior 
phrenie nodes 


Celiac nodes 


Thoraeie duct 

Posterior 
mediastinal 
nodes 

intereostal 
nodes 


Posterior 

parietal 

nodes 



Left gastrie nodes 
(eardiae nodes 
of stomaeh) 


Lymph Vessels and Nodes of Esophagus 



Esophageal Diseases 







Esophageal Diseases 



• Symptoms: upper esophageal dysphagia, halito- 
sis, ehoking 

• Treatment: erieopharyngeal myotomy, reseeted 
or suspended (without removal of diverticulum) 
via left eervieal ineision 

Traetion Diverticulum 

• True diverticulum, typieally lateral 

• Gaused by granulomatous disease, ehronie 
inflammation, or tumor 

• Typieally in mid-esophagus 

Aehalasia 

• Failure of peristalsis and laek of lower esopha- 
geal sphineter relaxation with swallowing 

• Seeondary to neuronal degeneration in muscu- 
lar layers 

• Gan lead to dilated esophagus and diverticula 
(epiphrenie) 

• Trypanosoma cruzi ean produce similar 
symptoms 

• Treatment: calcium ehannel bloeker, nitrates, 
and sphineter dilation; surgery with faihire 

• Surgical treatment: left thoraeotomy with Heller 
myotomy (upper and lower circular muscle 
transeetion) 

Gastroesophageal Reflux Disease (GERD) 

• Faihire of normal anatomieal meehanisms: lower 
sphineter eompetenee, normal esophageal struc- 
ture, normal gastrie reservoir 

• Symptoms: heartburn 30-60 min. after meals, 
worse lying down, ean have cough, asthma, 
ehoking 

• Pharmaeologie therapy fìrst: omeprazole 



Complications of Peptie Reflux (Esophagitis and Stricture) 





Peptie esophagitis Peptie stricture 

Endoseopie views 

Inflammation of 
esophageal wall 
Esophagitis and 
ulceration 


Esophageal reflux may 
cause peptie esophagitis 
and lead to eieatrization 
and stricture formation 



Barium study shows 
peptie stricture 


Chronic 
inflammation 
may result in 
esophageal 
stricture and 
shortening 



Stricture 
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Surgical indieations: failure of medieal treat- 
ment, GERD with pH monitoring, eomplieations 
including stricture, Barrett’s esophagus, eaneer 
Surgical treatment: Nissen fundoplication 
Most patients with signifìeant reflux have type I 
hiatal hernia (see next). 


Hiatal Hernia (see Chapter 10, p. 143) 

• Type I 

■ Dilation of hiatus with sliding hernia 

■ Most eommon 

■ May be assoeiated with GERD, although most 
type I patients do not reflux 

• Type II 

■ Paraesophageal, hole in diaphragm next to the 
esophagus 

■ Symptoms: dysphagia, ehest pain, early satiety 

• Type III: eombined 

• Type IV 

■ Entire stomaeh in thorax 

■ Other organ such as spleen or eolon may be 
inehided. 


Esophageal Cancer 

Adenoeareinoma, typieally found distally, is now 
more eommon in the U.S. 

Squamous eell eareinoma ean be found any- 
where in esophagus and is more eommon 
worldwide. 

Diet is implieated as a causative faetor in devel- 
oping countries. 

Tobaeeo and aleohol are prominent risk faetors 
in the Western world. 

Adenoeareinoma may be seen in patients with 
long-standing GERD. 





• Barrett’s esophagus (BE) is metaplastie replaee- 
ment of normal squamous mucosa by speeial- 
ized intestinal epithelium. 

■ A high-risk precursor to adenoeareinoma 

■ Requires biopsy and monitoring 

• Symptoms: dysphagia (primary), weight loss, 
dyspnea, hoarseness, ehest pain (espeeially in 
advaneed disease) 

Leiomyoma 

• Most eornmon benign tumor of the esophagus 

• Submucosal, hyperproliferating smooth muscle 
with eonneetive tissue capsule 

• Radiographie and endoseopie study 

• Biopsy eontraindieated owing to risk of searring 

• Symptoms: dysphagia and lower esophageal pain 

Esophageal Polyps 

• Seeond most eommon type of benign tumor 

• Usually in eervieal region 

• Symptoms: dysphagia and hematemesis 

Perforations 

• Spontaneous: Boerhaave’s syndrome, assoeiated 
with forceful prolonged retehing and extended 
vomiting 

• Traumatic: bhrnt or penetrating 

• Iatrogenie: assoeiated with endoseopie and sur- 
gieal procedures 

Caustic lnjury 

• Stricture and death ean follow severe injuries. 

• Survivors tend to develop long strictures. 

• Primary treatment for strictures: esophageal 
dilation (risk of perforation) 
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Degrees of Chemicol (or Caustic) in\ury 

• Primary biirn: hyperemia 

■ Treatment: eonservative therapy and 

observation 

■ IV ílmds, antibioties, spitting 

■ Gan lead to strictures, eervieal or near aortie 
impression, or shortening 

• Seeondary burn: ulcerations, exudates, 

sloughing 

■ Treatment: eonservative therapy and 

observation 

■ Surgery on indieations: sepsis, peritonitis, 
mediastinitis, free or mediastinal air, pneumo- 
thorax, erepitanee, eontrast extravasation, air 
in stomaeh walls 

• Tertiary burn: eharring, deep ulcers, lumen 
narrowing 

■ Treatment: eonservative therapy and observa- 
tion, esophageetomy typieally needed 

■ Surgery on indieations: sepsis, peritonitis, 
mediastinitis, free or mediastinal air, pneumo- 
thorax, erepitanee, eontrast extravasation, air 
in stomaeh wall 

• Aeid: causes coagulation neerosis and gastrie 
injury 

• Alkali (e.g., drain eleaner): causes deep neerosis 
with liquefaction, worse than aeid 
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ANATOMY OF THE RIBS 
AND THORAX 

Ribs 

• Mature rib: largely cancellous bone, light, easily 
fractured 

• Gortieal bone ean fracture into sharp spicules, 
damaging pleura, lungs, and neurovasculature. 

• Parts and landmarks: head, neek, tubercle, 
angle, shaft/body, noteh, eostal eartilage 

• Ribs are overlaid and proteeted superiorly by 
peetoral girdle bones and nmseles: peetoralis 
major and minor, subclavius, serratus anterior, 
scapula, rhomboids, and trapezius. 

• Intereostal muscles span the intervals between 
successive ribs, from T1-T12: external, internal, 
and innermost layers. 

• Intereostal neurovascular bundles lie between 
internal and innermost intereostal rmiseles. 

■ Superior (large) lie along the lower borders of 
ribs, within eostal notehes. 

■ Inferior (small, variable) lie just above the 
lower rib of eaeh intereostal spaee. 

• Proximal articulations are synovial. 

■ Gostovertebral joints: articular faeets of heads 
of ribs with hemifaeets on bodies of successive 
vertebrae 
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Thoraeie Skeleton 


■ Costotransverse joints: between articular 
tubercles of ribs and transverse proeesses of 
related vertebrae 

• First sternoeostal (distal rib) joint: fìbrous 

• Sternoeostal joints T2-T7: synovial 

• Costochondral joints: eostal eartilages of T8-T10 
(false ribs) attaeh to T7 eartilage 

• Tll and T12 íloating ribs with no distal joints 

• Free movement of most rib joints needed for 
unrestricted ventilation in normal thorax 

Sternum 

• Formed from sternebrae (nmltiple ossifìeation 
eenters) during development: gaps ean persist 

• Manubrium: articulations with elavieles, jugular 
(suprasternal) noteh 
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• Body: lateral articular reeesses for synovial, ster- 
noeostal joints 

• Xiphoid proeess: may be bifid, notehed, 
perforated 

• Manubriosternal joint: symphysis (seeondary 
cartilaginous), between manubrium and body 
(sternal angle of Louis); site of rib 2 articulations 

• Xiphisternal joint: synehondrosis (primary ear- 
tilaginous) between body and xiphoid proeess 

NEUROVASCULAR SUPPLY 

• Intereostal neurovascular bundles usually run in 
the intereostal spaee in top-down order: vein, 
artery, nerve (VAN). 

Intereostal Nerves 

• Anterior primary rami of spinal nerves 

• Run with vessels in intereostal spaees below 
numbered ribs, between internal and innermost 
intereostal nmseles 

• Divide proximally into superior and inferior 
trnnks, mnning in eostal angle and above next 
rib, respeetively 

• Provide innervation for the layers of intereostal 
muscles as well as parietal pleura, deep tissue and 
cutaneous sensation in overlapping strips eorre- 
sponding with spinal segment dermatomes 

Arterial Supply 

• Intereostal arteries have anatomieal eonnee- 
tions with 

■ Thoraeie aorta 

* Posterior, bilateral, segmental posterior 
intereostal arteries, Tl-Tll levels 

* Subcostal arteries, T12 



■ Aortie areh —» subclavian —» internal thoraeie 
(mammary) arteries 

± Anterior intereostal arteries, T1-T6 levels 
* Intereostal branehes of musculophrenic 
arteries below T6 

Venous Drainage 

• Intereostal veins parallel intereostal arteries. 

• Anterior drainage into internal thoraeie 
(mammary) veins —» subclavian veins —» bra- 
ehioeephalie veins —» superior vena eava 

• Posterior drainage into azygos, hemiazygos, 
aeeessory hemiazygos, right and left superior 
intereostal veins (upper few segments) 

• Azygos system drains into superior vena eava 
and eonneets with aseending hmibar veins, 
which eonneet with inferior vena eava; bypass 
pathway in eaval obstmetion 

CLINICAL CORRELATES 

Fractures in Thoraeie lnjuries 

• Rib fracture types: oblique, transverse, overrid- 
ing, eostoehondral separation, compound by 
penetration, multiple 

• Gomplieations 

■ Trauma to eostal pleura, viseeral pleura, lung, 
intereostal vessels 

■ Pneumothorax 

■ Hemothorax 

■ Spleen rupture (left posterior inferior) 

■ Subcutaneous emphysema 

• Rib fractures may be aeeompanied by sternal 
fractures. 

• Subclavian arteries and veins pass above T1 ribs 
anterolaterally (trauma risk). 
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Simple 

Costovertebral 
disloeation 
(any level) 

Transverse 
rib fracture 

Oblique 
rib fracture 

Overriding 
rib fracture 

Costochondral 
separation 

Chondral fracture 

ehondrosternal separation 

Sternal fracture 




Traumatization of pleura 
and of lung (pneumo- 
thorax, lung contusion, 
subcutaneous emphysema) 

MuItiple rib fractures 
(stove-in or flail ehest) 

Tear of blood vessels 
(hemothorax) 


Compound by missile 
(may be defleeted) or 
by puncture wound 


lnjury to heart or to great vessels 


intereostal nerve bloek to relieve pain of fractured ribs 



Sites for injeetion 

1. Angle of rib (preferred) ^ 

2. Posterior axiIlary line 

3. Anterior axiIlary line 

4 . InfiItration of fracture site 

5. Parasternal 



Needle introduced to 
eontaet lower border of rib 
(1), withdrawn slightly, 
direeted caudad, advaneed 
1/8 in. to slip under rib and 
enter intereostal spaee (2). 
To avoid pneumothorax, 
aspirate before injeeting 
anesthetie. 
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• Flail ehest (life threatening) 

■ Detaehed area of ehest wall produced by frae- 
tures of 2 or more adjaeent ribs in 2 plaees 
eaeh 

■ Paradoxical motion: affeeted segment moving 
inward on inspiration instead of expanding 
with undamaged thorax 

■ About 50% mortality rate with flail ehest, 
respiratory failure frequently due to assoeiated 
pulmonary contusion 

• Ghildren’s ribs 

■ Extremely pliable, may be fractured by rela- 
tively low foree 

■ Underlying lung may be contused with few 
external signs of trarnna. 

intereostal Nerve Bloek 

To relieve pain of rib fracture 

Anesthetie infìltration sites 

■ Preferred site dorsal, at angle of rib 

■ Posterior axillary line 

■ Anterior axillary line 

■ Fracture site 

■ Parasternal site 

• Aspirate before injeeting to prevent 

pneumothorax. 
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ANATOMY OF THE APPENDIX 

• Appendix develops as a diverticulum of the 
cecum (eeeal bud) in embryonie week 8, as part 
of caudal midgut. 

• Appendix is variable in length (2-20 cm) and 
may beeome inílamed and enlarged owing to 
feeal impaetion and/or infeetion (appendieitis). 

• Small mesentery (mesoappendix) eonneets with 
terminal ileum and eontains appendieeal blood 
vessels and lymphaties. 

• Tissue layers include mucosa, lamina propria, 
inner circular and outer longitudinal smooth 
muscle, and adventitia (peritoneum and 
mesentery). 

• Low mucosa eontains numerous goblet eells, 
intestinal glands, and erypts of Lieberkiihn. 

• Taeniae eoli (triple longitudinal muscle bands of 
the cecum) merge into a single, outer longitudi- 
nal nmsele layer on appendix. 

• Lamina propria eontains masses of lymphoid 
nodules with germinal eenters. 

Loeation and Position of Appendix 

• Typieal loeations: retroeeeal-retroeolie, pelvie 
(deseending), subcecal, ileoeeeal (anterior to 
ileum), ileoeeeal (posterior to cecum) 

• Variable by time and between individuals 

• Gan depend on size of mesoappendix 
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Variations in position 
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• May be displaeed into pelvis in pregnaney, with 
attendant differenees in symptoms 

Mesentery and Folds 

Mesoappendix 

• Runs from the posterior leaf of the mesentery of 
the terminal ileum 

• Runs posterior to the terminal ileum and is often 
attaehed to it 

• Attaehes to left side of cecum and to the entire 
length of the appendix 

• Triangidar 

• Gontains appendicular artery (braneh of ileo- 
eolie) and its variants 

lleoeolie or Superior lleoeeeal Fold 

• In the terminal ileal mesentery 

• Gontains anterior eeeal artery 

• Forms anterior wall of ileoeolie or superior ileo- 
eeeal fossa 

• Overlies terminal ileum to posterior wall of fossa 

lleoeeeal or Inferior lleoeeeal Fold 

• Anterior to mesoappendix 

• Extends from right and anterior terminal ileum 

• Forms anterior wall of ileoeeeal or inferior ileo- 
eeealfossa 

• Mesoappendix: posterior wall of fossa 

• Gontains no vessels: “bloodless” fold of Treves 

VESSELS AND LYMPHATIOS 

Appendicular (Appendieeal) Artery 

• Braneh of the ileoeolie artery or of the ileal or 
eolie braneh of the ileoeolie (branehes from the 
superior mesenterie artery) 




• Base of the appendix may be supplied by the 
anterior or posterior eeeal artery. 

• Appendieeal artery typieally passes behind the 
terminal ileum, within the mesoappendix. 

Appendicular (Appendieeal) Vein 

• Joins ileoeolie vein, which joins superior mesen- 
terie vein (portal vein drainage) 


Superior 
mesenterie 


vein 



lleoeolie 


vein 


Posterior 
eeeal vein 


Appendicular 
vein 


Right testicular 
(ovarian) vessels 


External iliae vessels 


Veins of Large Intestine 
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Superior 
mesenterie 
nodes 
(eentral 
superior 
group) 


Right 

eolie nodes 

lleoeolie 
nodes 

Preeeeal 
nodes — 

Appendicular 
nodes 


Lymph Drainage of Large Intestine 


Lymphaties 

Loeal drainage of nodes within mesoappendix 
through vessels and nodes along appendieeal 
and ileoeolie arteries 

Draining toward superior mesenterie lymph 
nodes 











CLINIGAL CORRELATES 

• Appendieitis is eonsidered primarily a disease of 
adoleseents and young adults. 

• Rare in infants 

• Lifetime risk for Western populations is ~7%; 
ineidenee varies with age. 

Etiology (Most Common) 

• Ghildren: hyperplasia, ean follow infeetion 

• Adrilts: feealith 

Symptoms (Classic Presentation) 

• Anorexia, periumbilical pain, vomiting 

• Locus of pain shifts to right lower quadrant with 
onset of peritonitis. 

Differential Diagnosis 

• Differential diagnosis for appendieitis is 
extensive. 

• Other eonditions to be ruled out: other gastro- 
intestinal, gyneeologie, urologic, neoplastie 
diseases. 

Appendieitis during Pregnaney 

• Most eommon cause of fìrst-trimester acute 
abdominal pain 

• More likely to occur in seeond trimester, but not 
the most eommon cause of acute pain 

• More likely to perforate in third trimester (eon- 
fused with eontraetion pain) 

• Right upper quadrant pain ean occur in third 
trimester. 

• Fetus ean die with rupture (35%). 
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Acute 
appendieitis 



Gangrenous 

appendieitis 
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Inflamed retroeeeal 
appendix with 
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Appendieeal abseess 



Mucocele of appendix 



Carcinoid of appendix 


Diseases of the Appendix 





Prophylaxis 

• Suspected, but uninflamed appendix may be 
removed during laparotomy for a ruptured 
ovarian eyst, thrombosed ovarian vein, or 
regional enteritis (non-eeeal). 

dinieal Signs and Landmarks 

• McBurney’s point: surface projeetion on abdo- 
men of appendix attaehment to cecum; 1/3 of 
the way along line from right anterior superior 
iliae spine to umbilicus; near anterior cutaneous 
braneh of iliohypogastrie nerve 

• McBurney’s sign: deep tenderness at McBurney’s 
point 

• Aaron’s sign: rebound pain with applied 
pressure 

• Most eommon site of appendicular perforation: 
midpoint of antimesenterie border 

CT Signs of Appendieitis 

• Diameter >7 mm or wall thiekness >2 mm 

• Bufls eye appearanee 

Surgical Appendeetomy 

• Gold standard remains exploratory laparotomy 
and appendeetomy 

• McBurney approaeh: oblique ineision divides 
external oblique faseia parallel to its fibers 

• Roeky-Davis ineision: right lower quadrant 
transverse ineision may be preferred in speeifie 
instanees 

Carcinoid of the Appendix 

• Most eommon site for eareinoid tumor (-50%) 

• Ileum and rectum next most eommon sites 
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Biliary Diseases 


ANATOMY OF THE EXTRÀHEPATIC 
BILIARY SYSTEM 

• Anatomy of the biliary system is highly 
variable , and this includes ducts, arteries, veins, 
and lymphaties. 

Common Hepatie Duct 

• Intrahepatie biliary duct systems eonverge on 
right and left hepatie ducts. 

• Right and left hepatie ducts typieally form the 
eommon hepatie duct. 

• Left duct is usually longer. 

• Junction of the ducts may be intrahepatie (e.g., 
in hepatomegaly). 

• Aeeessory hepatie ducts ean occur. 

• There may be no eommon hepatie duct 
if the eystie duct empties into right and left 
hepatie duct junction (bile duct braneh 
variant). 

Gallbladder 

• Normally lies between hepatie segments IV and 
V, in a ventral fossa between the anatomieal 
right and left lobes 

• Ventral surface typieally lies in eontaet with the 
deseending part of the duodenum. 
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Viseera: Gallbladder and Extrahepatic Ducts 











• Peritoneiim surrounds fundus and attaehes 
body and neek to the ventral surface of the 
liver. 

• Hepatie surface of the gallbladder has fibrous 
tissue eonneetions to liver capsule. 

• Mucosa 

■ Golumnar epithelium, no submucosa 

■ Aetively absorbs Na + and water, eoneentrating 
bile 

• Smooth muscle of the fibromuscular layer is pri- 
marily oriented longitudinally. 

• Parasympathetie preganglionie innervation from 
left (anterior) vagus fibers eontraets gallbladder 
and relaxes bile duct sphineter. 

• Postganglionie sympathetie fibers from the 
eeliae ganglion are driven by preganglionie fibers 
from T7-T10 spinal segments traveling in greater 
splanehnie nerves. 

• Viseeral afferent fibers (e.g., pain) travel baek 
toward thoraeie spinal ganglia, through the 
eeliae plexus and greater splanehnie nerve, 
alongside ineoming sympatheties. 

Cystic Duct 

• Proximal portion is convoluted; spiral fold keeps 
the duct open. 

• Distal portion is smooth. 

• Typieal eystie duct joins the eommon hepatie 
duct well below the right and left hepatie duct 
junction. 

• Triangle of Galot: elassie configuration (shown 
above) with eystie duct right, eommon bile duct 
left, liver above, and right hepatie artery passing 
through 
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Variations in eystie duct 
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left side 



Aeeessory (aberrant) hepatie ducts 


Joining 
eommon 
hepatie duct 



Joining 
eystie duct 



Joining 
(eommon) 
bile duct 



Joining 

gallbladder 



Two aeeessory 
hepatie ducts 


Variations in Cystic and Hepatie Ducts 





Cystohepatic Jimetion 

• Glassie normal 

■ High, sub-hepatic origin of the eommon 
hepatie duct 

■ Joined inferiorly, at an angle from the right, by 
the eystie duct (<3 em) 

■ Produces the (eommon) bile duct some dis- 
tanee above the deseending duodenum 

• Variations 

■ Short or absent eystie duct 

■ Gystie duct parallel to hepatie duct 

■ Insertion into right hepatie duct 

■ Low insertion of eystie duct, erossing anterior 
to eommon hepatie duct, inserting behind the 
duodenum 

■ Low medial insertion of (anterior erossing) 
eystie duct into bile duct 

■ Low anterior insertion of (posterior erossing) 
eystie duct into bile duct 

• Anatomieal types of eystohepatie junction: 

angular, parallel, spiral 


Ducts of Luschka 

• Small biliary ducts that eonneet direetly from 
liver to the gallbladder 

• Potential source of 



following 


eholeeysteetomy 


(Common) Bile Duct 

• Formed by the union of hepatie and eystie ducts 

• Portions: supraduodenal, retroduodenal, panere- 
atie, intraduodenal 

• Bile duct sphineter: smooth muscle surrounding 
the distal end of the duct, part of the complex 
sphineter of Oddi 
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Dimensions 

• 4-8 mm diameter normal undilated 

• Diameter tends to inerease with advaneed age. 

• Heuristic: normal duct diameter in mm = age/10 

Hepatopanereatie Ampulla (Vater) 

• Formed by the union of the (eommon) bile duct 
and the main panereatie duct 

• Ampulla empties posteromedially through the 
major duodenal papilla (of Vater) into the retro- 
peritoneal, deseending (seeond) part of the 
duodenum. 

• Hepatopanereatie sphineter (of Oddi): formed 
from a complex of smooth muscle surrounding 
the terminal part of the ampulla and its eontrib- 
uting duct 

Bile Seeretion 

• Inereased by eholeeystokinin (GGK), seeretin, 
and vagal aetivity 

• Deereased by vasoaetive intestinal peptide 
(VIP), somatostatin, sympathetie aetivity 

• GGK causes tonie gallbladder eontraetion. 

• Bile mediates absorption of fat-soluble vitamins 
and excretion of bilimbin and eholesterol. 

VESSELS AND LYMPHATICS 

Arteries 

• Gallbladder is supplied by eystie artery, typieally 
a braneh of the right hepatie artery (from the 
hepatie artery proper, off eommon hepatie, 
eeliae axis). 

• Source and course of the eystie artery vary 
widely: this must be carefully determined in 
eholeevsteetomv. 
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Biliary System Arteries 


Variants include origins from eommon hepatie, 
left hepatie, superior mesenterie arteries, 
passing anterior or posterior to hepatie or bile 
ducts. 

Bile ducts: supplied by branehes of posterior 
superior pancreaticoduodenal, retroduodenal, 
right, and left hepatie arteries (eeliae axis) 
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Veins 

• Gystie veins are variable; veins from the body 
typieally pass direetly into the liver to drain into 
hepatie sinusoids. 

• Other veins from the neek and eystie duct typi- 
eally drain direetly into the right portal venous 
system, and other veins drain the biliary duct 
system. 

Lymphaties 

• Gystie lymph nodes ehister around the neek. 

• Gystie lymphaties also drain into hepatie nodes 
clustered around the upper bile duct. 

• Deeper drainage into eeliae nodes around the 
arterial trunk 

CLINICAL CORRELATES 

Normal Bile Production 

• 500 to 1000 mL/day 

• Seeretin production and meals rieh in fats 
inerease bile production. 

• Bile constituents: eleetrolytes, bile salts, pro- 
teins, eholesterol, fats, and bile pigments 

• Major salts: eholie, deoxycholic, and ehenode- 
oxycholic aeids; anionie and conjugated with 
taurine or glyeine 

• Gontains unesterifìed eholesterol, leeithin, and 
fatty aeids 

• pH of 5.6-8.6 is normal range. 

■ More alkaline at higher seeretion rates 

■ More aeidie with protein in meals 

• Gholesterol solubility and laek of stone preeipi- 
tation depend on a balanee among eholesterol, 
bile salts, and leeithin (in mieelles). 
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• Gallbladder also seeretes mucus, which proteets 
tissues from the lytie aetion of bile. 

Control of Bile Seeretion 

• Bile produced by the liver is shunted to the 
gallbladder, with the sphineter of Oddi tonieally 
elosed (between meals). 

• Gholeeystokinin is seereted by intestinal mucosa 
in response to ingestion of food. 

• Gallbladder eontraets and pushes bile into the 
ductal system. 

• Sphineter of Oddi relaxes, and bile is released 
into duodenum. 


eholelithiasis 

• Ineidenee: about 10% of the population, with 
most asymptomatie 

• Diabeties not at inereased risk, though inflam- 
matory responses ean eomplieate late-deteeted 
eases, with higher ineidenee of open surgery 

• Only about 10% of bile stones are radiopaque. 

• Nonpigmented stones 

■ Most eommon type in U.S. (-75%) 

■ Inereased insolubilization of eholesterol 

■ Faetors ean include eholestasis, inereased 
H 2 0 reabsorption, Ga 2+ nucleation by mucin 
glyeoprotein, and deerease in bile aeids and 
leeithin. 

• Pigmented stones 

■ Occurrence -25% in U.S., most eommon 
worldwide 

■ Preeipitation of calcium bilimbinate and insol- 
uble salts, with sohibilization of unconjugated 
bilimbin 



Meehanisms of biliary pain 


Sudden obstmetion 
(biliary eolie) 

Calculus in 
Hartmann's 
pouch 


O 

o o 
o 






<«> 



Calculus in 
eommon duct 



Sites of pain in bilary eolie 

Viseeral pain, mediated by 
splanehnie nerve, results from 
inereased intraluminal pressure 
and distention caused by sudden 
calculous obstruction of eystie or 
eommon duct. 
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Patient lies motionless 
because jarring or 
respiration inereases 
pain. Nausea is eommon. 


Parietal epigastrie or right 
upper quadrant pain results from 
isehemia and inflammation of gall- 
bladder wall caused by persistent 
calculous obstruction of eystie duct 
Prostaglandins are released. 


eholelithiasis 
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■ Blaek stones may be caused by eirrhosis, 
hemolytie disorders, ileal reseetion, or ehronie 
total parenteral nutrition (TPN). 

■ Usually found only in the gallbladder 

Diagnostie Procedures 

• Liver and biliary function tests 

■ Serum alkaline phosphatase: very sensitive to 
obstmetion; sensitivity inereased by isoen- 
zyme data blood levels 

■ Semm glutamic-oxaloacetic transferase (AST/ 
SGOT) blood levels 

■ Semm glutamate-pyruvate transaminase 
(ALT/SGPT) blood levels 

■ Laetie aeid dehydrogenase (LDH) blood levels 

■ Blood bilimbin levels 

• Ultrasound 

■ Often the hrst test ordered for suspected 
biliary traet disease 

■ Safe, inexpensive 

■ 95% sensitivity for stones, identihes gallblad- 
der morphology and meehanieal vs. metabolie 
sources of jaundice 

• Endoseopie retrograde eholangiopanereatogra- 

phy (ERGP) 

■ Gatheter from a side-viewing endoseope is 
inserted into the amptilla of Vater. 

■ Gontrast agent is injeeted. 

■ Radiographs are taken. 

■ Deviee ean perform sphineterotomy if needed. 

■ Standing questions: What are indieations for 
performing an ERGP before a lap ehole? 
Bloeked bile duct? May identify variants and 
reduce injuries? 



eholeeystitis 

• Gallbladder wall distention and inflammation 

• Most eommon cause is obstmetion of the eystie 
duct by a stone. 

• Classic right upper quadrant pain referred to 
right scapula and shoulder 

• Pain mediated by segmental viseeral afferent 
hbers traveling with the splanehnie nerves (to 
thoraeie spinal segments) 

• Nausea, vomiting, loss of appetite, pain 

• Symptoms often occur after fatty meal, with per- 
sistent pain. 

• Murphy’s sign: patient resists deep inspiration 
owing to pain, with deep palpation of right upper 
quadrant 

• Ultrasound -95% sensitivity for stones 

• Risk faetors for stones: female, obesity, age 
>40 y, pregnaney, rapid weight loss, vagotomy, 
TPN, ileal reseetion 

eholeeysteetomy 

• Laparoseopie eholeeysteetomy (lap ehole) 
has been the treatment of ehoiee for many 
years, preferred to formerly traditional open 
eholeeysteetomy. 

• Gomplieated laparoseopie ease may be eon- 
verted to an open eholeeysteetomy. 

• Open eholeeysteetoniy uses eonventional surgi- 
eal instmments with a right upper quadrant or 
midline abdominal ineision. 

• Lap ehole essentials 

■ General anesthesia, sub-umbilical ineision for 
C0 2 (insufflation) troear 
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■ 3 troears plaeed (for laparoseope and speeial- 
ized tools) in right subcostal region 

■ Retraetion of gallbladder, ineision of triangle 
of Galot 

■ Disseetion and ligation of eystie duct and 
artery 

■ Disseetion and removal of gallbladder 

• Most eommon bile duct injuries assoeiated with 
laparoseopie eholeeysteetomy 

■ (Gommon) bile duct mistaken for eystie duct 
and transeeted 

■ Variable extent of extrahepatic biliary tree 
excised with gallbladder 

■ Right hepatie artery injured with disseetion 

Gallstone Panereatitis 

• Estimated 40% of acute panereatitis eases result 
from transient obstmetion of panereatie duct 
flow by stones bloeking bile duct or ampulla of 
Vater. 

• Meehanism of such panereatitis not known 

• Symptoms: epigastrie and radiating baek pain, 
nausea, vomiting, elevated serum lipase and 
amylase levels 

• Treatment ean eomplieate the timing of a related 
eholeeysteetoniy. 

• ERGP may be needed if an impaeted ampulla is 
suspected. 

Carcinoma of the Biliary Traet 

• Gan occur at any point along the intra- or extra- 
hepatie biliary tree and gallbladder 

• Gallbladder eareinoma is the most eommon 
biliary eaneer and the fifth most eommon GI 
eaneer. 
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ANATOMY OF THE COLON 

Parts and Landmarks 

• Cecum, appendix, and aseending, transverse, 
deseending, and sigmoid eolon -150 cm total 
length 

• Cecum has the largest diameter: with obstme- 
tion, this is the most likely loeation for a perfora- 
tion (greatest inerease in pressure, per Laplaee’s 
law). 

• Colon externally distinguished by omental (epi- 
ploie) appendiees, haustra (sacculations), and 
taeniae eoli (triple bands of longitudinal smooth 
muscle) 

• Only transverse and sigmoid portions typieally 
have mesenteries. 

• Greater omentum is fused to the transverse 
mesoeolon and may be carefully separated 
surgically. 

• Inferior aseending eolon ean have a mesentery 
(-10%) and is very mobile (risk for volvulus). 

• See also appendix and anoreetal topies. 

Mieroseopie Anatomy 

• Mucosa 

■ Epithelium: enteroeytes (absorptive), goblet 
eells 

■ Lamina propria 

■ Muscularis mucosa 
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Viseera: Mucosa and Musculature of Large Intestine 

Siibnmeosa: strongest layer (eonneetive tissue); 
Meissner’s plexus (neuronal network) 

• Muscularis 

■ Auerbach’s plexus: myenterie neurons 

■ Inner circular muscle 




■ Outer longitudinal layer reduced to 3 bands: 
taeniae eoli 

* Mesoeolie: posterior, attaehed to sigmoid 
and transverse mesoeolon 
± Omental: to which the epiploie appendages 
(appendiees) are attaehed 
± Free: with no omental or mesenterie 
attaehments 

± The taeniae merge into a continuous layer 
in the appendix and the rectum. 

• Serosa: peritoneum 

• Haustra: sacculations of the wall between the 
taeniae 


Embryology 

• From the cecum to the splenie flexure of the 
transverse eolon, the eolon was derived from the 
caudal midgut and is supplied by the superior 
mesenterie artery and vagus. 

• From the deseending eolon through reetnm , the 
eolon was derived from hindgut and is supplied 
by the inferior mesenterie artery and saeral 
parasympatheties. 


Innervation 

Parasympathetie 

• Preganglionie hbers 

■ Vagus: innervate eolon from ileoeeeal junction 
to splenie flexure 

■ Pelvie splanehnie nerves (S2-S4): innervate 
deseending and sigmoid eolon 

• Postganglionie hbers 

■ Meissner’s plexus: inner submucosal layer 
eontains parasympathetie ganglion eells 


111 


Colon Diseases 



112 


Colon Diseoses 


■ Auerbach’s plexus: outer, myenterie, eontains 
parasympathetie ganglion eells 

Sympothetie 

• Preganglionie lìbers distributed via splanehnie 
nerves to superior and inferior mesenterie 
plexuses 

• Postganglionie fìbers from eells in the following 

■ Superior mesenterie ganglion to the aseending 
and transverse eolon via superior mesenterie 
plexus 

■ Inferior mesenterie ganglion to the deseending 
and sigmoid eolon via inferior mesenterie plexus 

Sensory Fibers 

• Vagal afferents from aseending and transverse 
eolon 

• Segmental viseeral afferents for aseending and 
transverse eolon travel parallel to sympatheties 
through the superior mesenterie plexuses and 
splanehnie nerves. 

• Deseending and sigmoid eolon send viseeral 
afferents through the inferior mesenterie, hypo- 
gastrie, and pelvie plexuses. 

VESSELS AND LYMPHATICS 

Arterial Supply 

• Superior mesenterie artery branehes 

■ Ileoeolie artery (with appendicular braneh) 

■ Right eolie artery 

■ Middle eolie artery 

• Inferior mesenterie artery branehes 

■ Left eolie artery (retroperitoneal) 

■ Sigmoid arteries (3 or 4) 

■ Superior reetal artery 
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• Marginal artery anastomoses between the supe- 
rior and inferior mesenterie arteries 

• Internal iliae artery branehes 

■ Middle reetal artery 

■ Inferior reetal artery 

• Reetal arteries anastomose: inferior mesenterie 
to internal iliae branehes 

Venous Drainage 

• Superior mesenterie vein (right portal vein 
tributaries) 

■ Ileoeolie vein (with appendicular braneh) 

■ Right eolie vein 

■ Middle eolie vein 

• Inferior mesenterie vein (drains into splenie: left 
portal vein tributaries) 

■ Left eolie veins 

■ Sigmoid veins 

■ Reetosigmoid veins 

■ Superior reetal veins 

• Internal iliae veins (inferior vena eava 
tributaries) 

■ Middle reetal veins 

■ Inferior reetal veins 

• Reetal veins anastomose in “hemorrhoidal 
plexus” of rectum, the site of portoeaval shunt- 
ing and hemorrhoids in portal hypertension (see 
also anoreetal topies, Ghapter 16). 

Lymphatie Drainage 

• Parallels the arterial supply 

• Right-sided nmeosal and epieolie nodes drain 
along superior mesenterie branehes into supe- 
rior mesenterie nodes. 
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• Left-sided nodes drain along inferior mesenterie 
artery branehes into inferior mesenterie and 
lateral aortie nodes. 

• Deeper drainage superiorly into nodes along 
aorta and into the eisterna ehyli 

OLINIGAL OORRELATES 

Diverticula 

• True (eongenital) diverticulum: eonsists of 
entire gut wall, not usually seen in eolon (e.g., 
Meekel’s diverticulum [in terminal ileum]) 

• False (acquired) diverticulum: mucosa protmd- 
ing through nnisele wall, typieal of eolon 

• Acquired diverticula usually occur adjaeent to 
taeniae eoli, where nutrient arteries penetrate 
the bowel wall. 


Diverticulosis 

• Ineidenee: 5%-10% of persons older than 45 
years, 50%-60% by age 60 years, approaehing 
80% by 80 years 

• 80%-90% of diverticula seen in sigmoid eolon 

• Cause thought to be inereased intrahiminal pres- 
sure owing to slowed feeal transit 

• High-fat, low-hber diets a contributing faetor 

• About 3 times more likely in men 

• About 20% of eases in persons younger than 50 
years 

• Much less prevalent currently in less industrial- 
ized soeieties 

• Visualized with abdominal CT 


Diverticulitis 

Inílamed divertierila and/or perforation, assumes 
diverticulosis 
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Peritoneum 



Relationship of 
diverticula to blood 
vessels and taeniae (sehematie) 


Blood vessel 

piereing 

musculature 


Diverticulum 


Taenia eoli 


Epiploie 

appendix 


Concretion 
in diverticulum 


Circular muscle 


Diverticulosis of Colon 




• Usually manifests with fever and left lower quad- 
rant pain 

• Diffuse abdominal pain ean indieate perforation. 

• A very redundant sigmoid ean produce symp- 
toms in any quadrant. 

• Gonstipation, nausea, and vomiting ean occur. 

• Occurs in 5%-10% of patients with diverticulosis, 
over a 5-year period 

• Occurrence inereases to 35% over 20 years. 

Polyps 

• Gategories: nonmalignant, premalignant, malignant 

• Sessile: flat 

• Pedunculated: stalked 

• Juvenile polyps 

■ In patients younger than 10 years 

■ Typieally nonmalignant hamartomas 

• Adenomas 

■ Benign, premalignant 

■ Types: tubular, villous, or mixed 

■ Peak ineidenee at ~50 years 

Cancer 

• Goloreetal eaneer: diagnosed in -130,000 
Amerieans per year 

• Adenoeareinoma most eommon type 

■ Ulcerative: most eommon, eentral depression 
with raised edges 

■ Polypoid: large, as deseribed for polyps 

■ Annular: apple eore appearanee on eontrast 
study, assoeiated with obstmetion 

■ Diffusely infiltrating: 

* Thiekening of bowel wall 
± May be flat 

* Difficult to diagnose 
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Clinical Manifestations of CoIorectaI Cancer 


Right (aseending) eolon 




Or 


Liquid feeal 
stream 
passes 
lesion 


Chronic low- 
grade bleeding 
may lead to anemia 




Bleeding 
diluted 
by feeal 


stream 


Lesions of right 
eolon often asymp- 
tomatie, or "silent," 
until disease is in 
advaneed stage 




Obstruction uncommon 
because of large lumen 
and liquid feeal 
eontents 


Solid 

stool 


Change in bowel 
habits may be 
first symptom 
of left eolon 
lesions 

i 

Paradoxical 
diarrhea 





Bleeding diluted 
by feees results in 
normal-appearing 
but guaiac-positive 
stool 
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Tenesmus 
and urgency 




' Cramping pain 

Constipation 
and obstruction 


Bleeding 


Stool may 
be blood 
eovered 
or mixed 
with blood 


Cancer of left eolon 
and rectum frequently 
causes bleeding and 
bowel obstruction due to solid feees 


Colorectal Cancer 







Colitis (by Type) 

• Amebie eolitis 

■ Site of primary infeetion by Entamoeba 
histolytiea 

■ Risk faetors include travel in Mexico, aleohol 
ingestion 

• Isehemie eolitis: caused by low flow state or infe- 

rior mesenterie ligation 

• Pseudomembranous eolitis 

■ Caused by Clostridium diffieile infeetion 

■ Can occur after antibiotie treatment 

• Crohn’s disease 

■ Idiopathie inflammatory bowel disease, usually 
involving small and large intestine, but lesions 
ean occur in GI traet from mouth to anus 

■ Higher rate of occurrence in Ashkenazi 
Jews 

■ Terminal ileum is the most eommonly involved 
segment. 

■ Asymmetrieal distribution of lesions 

■ Diserete (aphthous) and longitudinal ulcers 
eommon 

■ Gross bleeding may be absent (25%-30%). 

■ Rectum often spared (-50%) 

■ Perianal disease -75% 

■ Fistulization 

■ Granulomas 5%-75% 

■ Discontinuous mucosa involvement 

■ Mucosal friability uncommon 

■ Relatively normal surrounding mucosa 

■ Cobblestoning in severe eases 

■ Normal vascular pattern 

■ Surgery not curative (unlike ulcerative 
eolitis) 
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Regional enteritis 
eonfined to terminal ileum 



Involving At ileo- 

cecum eolostomy 


Crohn's Disease 













Intestinal eomplieations 


Polyposis 


Perforation 


Periton itis or 

-Stricture peritoneal abseess 

I or stenosis without perforation 


Perianal 
(isehioanal) 
abseess 


lleitis 


Massive 

hemorrhage 


Carcinoma 


Systemie eomplieations 



Liver damage 



Skin 

lesions 
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i ridoeyel itis 



Myoeardial 

degenerative 

ehanges 



Seeondary 

anemia 



Stomatitis 


Llleerative Colitis 
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• Ulcerative eolitis 

■ Restrieted to eolon 

■ Continuous distribution of lesions starting 
distally 

■ Rectum involvement -90% 

■ Gross bleeding 

■ Perianal disease rare but may be severe 

■ No fìstulization 

■ No gramilomas 

■ Contiguous mucosa involvement 

■ Diserete (aphthous) and longitudinal ulcers rare 

■ Abnormal surrounding mucosa 

■ No eobblestoning 

■ Reetal involvement -90% of eases 

■ Mucosal friability eommon 

■ Distorted vascular pattern 

Large Bowel Obstmetion 

• Cancer and diverticular disease: most eommon 
causes of bowel obstmetion in the U.S. 

• Volvulus: rare cause of obstmetion in the U.S. 
but most eommon cause in third world countries 
(assoeiated with extra-high dietary fiber intake) 

Volvulus 

• Twisting of the bowel, causing a blind loop with 
obstmetions at both ends (Latin volvere, “to 
twist, to turn”) 

• More eommon in sigmoid eolon (with redun- 
daney and mesentery) and cecum 

• In -11%: very mobile aseending eolon with mes- 
entery, predisposing to volvulus 

• Midgut volvulus ean occur in pediatrie patients 
with malrotations. 

Aspeets of Colectomy (Below) 






Ileoeolie 

anastomosis 


Lesions of 
right and 
transverse 
eolon 


Superior 
mesenterie a. 


Aseending braneh 
of left eolie a. 


Partial eoleetomy for eaneer of right eolon 
removes eaneer and mesenterie lymphatie 
drainage, while preserving supply based on 
remaining branehes of superior mesenterie 
artery or aseending braneh of left eolie artery. 



Splenie flexture 
braneh of middle 
eolie a. 


Colorectal 


anastomosis 


Aseending 
braneh of left 
eolie a. 


i 


Aseending 


^©braneh 
of left 
eolie a. 


Lesion of 
left eolon 


Partial eoleetomy for eaneer of left eolon requires transeetion 
of inferior mesenterie artery at origin and depends on 
communication of splenie flexure braneh of middle eolie artery 
and aseending braneh of left eolie artery for vasenlar supply. 

Broken lines and blaek, eireled niimbers = reseetion, 
depending on site of lesion (green, eireled mjmbers). 


Siirgieal Reseetion of Colon Cancer 
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Gastroduodenal 

Diseases 


ANATOMY OF THE STOMAGH 
AND DUODENUM 

Parts of the Stomaeh 

• Gardia(e) portion joins the abdominal esoph- 
agus. 

• Fundus: uppermost curvature to the left of the 
eardia 

• Greater curvature, lesser curvature, inferior and 
superior borders (respeetively) of the volumi- 
nous body of the stomaeh 

• Pylorie region 

■ Angular incisure (noteh): distal end of the 
lesser curvature and start of the antmni 

■ Antmm: entryway to the pylorie eanal, very 
muscular and peristaltie 

■ Pyloms: thiekened circular muscle layer 

• Rugae: folds in the nmeosal surface of the 
relaxed stomaeh 

Functional Anatomy and Motility 

• Reeeptive relaxation and aeeommodation occur 
in the proximal 1/3 of the stomaeh, with swal- 
lowing and entry of food. 

• Tme peristalsis occurs in the distal 2/3, with 
waves of eontraetion driving the eontents baek 
and forth between the body and antmm 
(trituration). 
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(incisure) -\ 


Hepatoduodenal ligament 
Hepatogastrie ligament 
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stomaeh 

Diaphragm 


Pyloms 


Cardiac 


part of 


stomaeh 


£ 
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Duodenum Pylorie part of stomaeh 


Pylorie 
antrum 

Greater omentum 



Hypertonie Orthotonie Hypotonie 

stomaeh stomaeh stomaeh 


I 



Atonie 

stomaeh 


Variations in position and eontoiir of 
stomaeh in relation to body habitus 


Stomaeh in Situ 







• Small amoimts of triturated stomaeh eontents 
pass through the pyloms with successive peri- 
staltie waves. 

• Myoeleetrie paeemaker for peristalsis is loeated 
high on greater curvature. 

Gastrie Mieroseopie Anatomy 

Mucosa 

• Epithelium 

■ Mucus-secreting eardia glands 

■ Oxyntic glands in the fundus and body 
a Ghief eells seerete pepsinogen. 

a Parietal eells seerete H + and intrinsie faetor. 

■ Antmrn and pyloms glands 

a Both seerete HG0 3 and mucus. 
a G eells release gastrin. 

a D eells seerete somatostatin, inhibiting 
release of gastrin and H + . 

• Lamina propria: supportive, loose eonneetive 
tissue deep to epithelium 

• Muscularis mucosae: layer of smooth muscle at 
the boundary between mucosa and submucosa 

Submucosa 

• Strongest layer 

• Gonneetive tissue 

• Meissner’s plexus (neuronal network) 

Muscularis (Smooth Muscle) 

• Auerbach’s plexus: myenterie neurons 

• Inner circular muscle 

• Outer longitudinal layer 

Serosa 

• Peritoneum 
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Superior 

mesenterie vessels 


Root of 
mesentery 
(cut edges ) 


Pyloms 


Duodenum\ , c . 

Interior 

(horizontal, 

or 3rd) part 

Aseending 
(4th) part 


Duodenojejunal 
flexure and 
jejunum (cut) 


(Common) 
bile duct 


Head of panereas 


Superior 
(1 st) part 


Deseending 
(2nd) part 


Duodenum in Situ 


Anatomy of the Duodenum 

• Most fixed portion of small bowel, surrounds 
head of the panereas 

• Superior (first) part 

■ Length ~5 em, lies anterolateral to L1 body 

■ Overlain by liver and gallbladder 

■ Amprilla (eap)—first 2 em—bears a mesen- 
tery, the hepatoduodenal ligament, part of the 
lesser omentum. 

■ Distal 3 em retroperitoneal 








• Deseending (seeond) part 

■ Length 7-10 em, lies along right sides of L1-L3 
bodies 

■ Reeeives the outflow from bile and panereatie 
ducts via the hepatopanereatie amprilla (Vater) 
through the greater duodenal papilla (Vater) 

■ Reeeives outflow from the aeeessory panere- 
atie duct through the lesser duodenal papilla 

• Horizontal (third) part 

■ Length 6-8 em, erosses the L3 body 

■ Lies posterior to the main trunk of the supe- 
rior mesenterie artery 

• Aseending (fourth) part 

■ Length ~5 em, left of L3 to the upper border 
of L2 

• Ligament of Treitz (suspensory ligament of the 
duodenum): marks duodenal-jejunal junction 

• Plieae circulares: internal circular folds of the 
wall due to circular muscle, inerease surface 
area per length 

Duodenal Mieroseopie Anatomy 

Mucosa 

• Epithelium: enteroeytes (absorptive), goblet 
eells, Paneth eells, enteroehromafhn eells, 

• Lamina propria: eontains Peyer’s patehes (lym- 
phoid aggregations with B eells in germinal 
eenters and T eell in interfollicular zones) 

• Muscularis mucosa 

• Water and nutrients absorbed aeross the mucosa 

Submucosa 

• Strongest layer 

• Gonneetive tissue 
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• Meissner’s plexus (parasympathetie ganglion 
eells and neuronal network) 

Musculoris 

• Inner circular muscle 

• Outer longitudinal layer 

• Auerbach’s plexus: myenterie neurons and para- 
sympathetie ganglion eells 

Seroso 

• Peritoneum 
Inner Surfoce 

• Mucosal surface area speeializations: mierovilli, 
villi, pliea circulares (valvulae eonniventes) 

• Total absorptive surface: 200-550 cm 2 

Gastroduodenal Embryology 

• Stomaeh has two mesenteries during 
development. 

■ Dorsal mesogastrium, attaehed to the greater 
curvature, grows very redundant, overlaps, 
and beeomes the greater omentum. 

■ Ventral mesogastrium, part of the original 
septum transversum, beeomes the following. 

± Lesser omentum (hepatogastrie ligament) 

* Peritoneal serosa of liver, gallbladder 
± Faleiform ligament, with embedded round 
ligament of the liver 

• Greater curvature is initially dorsal, then the 
stomaeh rotates along its longitudinal axis until 
the dorsal curve lies to the left. 

• Stomaeh also rotates around an axis through the 
gastroesophageal junction, until the greater cur- 
vature lies in its fìnal left inferolateral position. 



Diiodeniim also rotates with the stomaeh, as well 

as around an anteroposterior axis, so that it sur- 

rounds the panereas. 

■ First two parts of the duodenum (down to the 
bile duct), the terminal portion of the foregut: 
supplied by the eeliae axis 

■ Lower seeond through fourth parts of the duode- 
num, the initial segment of the midgut: supplied 
by the proximal superior mesenterie artery 

Innervation 

• Parasympathetie 

■ Left vagal tmnk lies anterior as it erosses the gas- 
troesophageal junction and mns anteriorly along 
the lesser curvature toward the duodenum. 

■ Right vagal tmnk lies posterior as it erosses 
the gastroesophageal junction and mns poste- 
riorly along the lesser curvature toward the 
duodenum. 

■ Ganglion eells are loeated in myenterie (Auer- 
baeh’s) and submucosal (Meissner’s) plexuses 
in stomaeh and duodenum. 

• Sympathetie 

■ Preganglionie fìbers from T8-T10 lateral 
column distributed via splanehnie nerves. 

■ Postganglionie fibers are distributed from gan- 
glion eells in eeliae and superior mesenterie 
ganglia, traveling along respeetive arterial 
branehes. 

Sensory fibers (general viseeral afferent) 

■ Vagal afferents, including streteh, ehemo-, and 
“satiety” reeeptors 

■ Segmental afferents travel baek parallel to 
sympatheties, through the eeliae and superior 


133 


Gastroduodenal Díseoses 



Gastroduodenal Díseases 


134 


Celiac braneh of posterior 
vagal trunk 


Right greater 
thoraeie 
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Celiac ganglia and plexus 


Plexus on anterior superior and anterior 
inferior pancreaticoduodenal arteries 

Nerves of the Stomaeh and Duodenum 
















mesenterie plexuses and the splanehnie nerves 
to thoraeie spinal nerves, dorsal root ganglia, 
and spinal segments. 

ARTERIES, VEINS, AND 
LYMPHATICS 


Left gastrie artery 


Celiac trunk 


Splenie artery 


gastrie 

arteries 



Gastroduodenal artery 


Left gastro-omental 
(gastroepiploie) artery 


Right gastro-omental 
(gastroepiploie) artery 


Arteries of the Stomaeh 
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Gastroduodenal 


Supraduodenal 
artery 


Common hepatie 
artery 


Celiac trunk 



Superior mesenterie 
artery 


Posterior superior 
pancreaticoduodenal 
artery ( phantom ) 


Inferior pancreaticoduodenal 
artery 

Anterior inferior 
pancreaticoduodenal artery 


Anterior superior 

pancreaticoduodenal 

artery 


Arteries of the (Panereas) Duodenum (Spleen) 






Arteries 

Celiac Trunk (Axis) Branehes 
(Highly Variable) 

• Left gastrie artery: typieally the largest gastrie 
braneh, to left side of lesser curvature 

• Splenie artery branehes 

■ Posterior gastrie artery: to posterior body and 
fundus 

■ Left gastro-omental (gastroepiploie) artery 
± To left side of greater curvature 

* Anastomoses with right gastroomental 

■ Short gastrie arteries: to fundus region 

• Gommon hepatie artery branehes 

■ Right gastrie artery: to right side of lesser cur- 
vature (may be off left or right hepatie) 

■ Proper hepatie artery 

■ Gastroduodenal artery 

± Right gastro-omental (gastroepiploie) artery: 

to right side of greater curvature 
± Superior pancreaticoduodenal: to first and 
upper seeond part of duodenum 

Superior Mesenterie Artery 

• Inferior pancreaticoduodenal artery 

■ Anterior and posterior branehes anastomose 
with superior pancreaticoduodenal branehes. 

■ Supply duodenum distal to bile duct 

Venous Drainage 

• Gastrie and duodenal veins parallel arterial 
branehes. 

• Portal vein tributaries 

■ Right gastrie (lesser curvature) 

■ Left gastrie (eoronary; prominent in variees) 

■ Superior mesenterie vein (right portal) 
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Veins of the Stomaeh, Dyodenym, Panereas 






± Pancreaticoduodenal veins 

* Right gastro-omental (gastroepiploie) vein 

■ Splenie vein (left portal) 

* Short gastrie vein 

± Left gastro-omental (gastroepiploie) 

Lymphatie Drainage 

• Parallels the venous drainage (see figure) 

OLINIGAL CORRELATES 

Upper Gastrointestinal Bleeding 

• Differential diagnosis includes gastritis, ulcer, 
and eaneer. 

Gastritis 

• Stress gastritis occurs 3-10 days after event; 
lesions first appear in fundus. 

• Ghronie 

■ Type A: in fundus, assoeiated with autoim- 
mune disease and pernicious anemia 

■ Type B: in antrnrn, assoeiated with Helieo- 
baeter pylori 

Peptie Ulcer 

• 70%-80% in lesser curvature of the stomaeh 

• Type I: in lesser curvature of the stomaeh 

• Type II: in lesser curvature of the stomaeh and 
in the duodenum 

• Type III: prepylorie ulcer 

• Type IV: in lesser curvature in eardiae region 

• Type V: ulcer assoeiated with NSAIDs 

• Most (type I and IV) are due to loss of 
nmeosal defensive function with normal aeid 
seeretion. 
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Aeiite gastrie ulcer 

(gastroseopie view) 



Acute 

gastrie ulcer 


Erosion of acute 
ulcer intothe 
gastrie mucosa 



Erosion of ehronie ulcer 
into the gastrie mucosa 
and submucosa 


Chronic 
gastrie ulcer 


Perforated gastrie ulcer 

with wall adherent 
to panereas 



Barium eontrast 
image of 
ehronie ulcer 



Barium eontrast 
image of 
perforated ulcer 


Peptie Ulcer Disease 


141 


Gastroduodenal Díseoses 












142 


Gastroduodenal Diseoses 


• Duodenal ulcers are most eommon in the supe- 
rior part, in the posterior superior wall, and 
within ~3 cm of the pyloms. 

• Duodenal ulcer usually results from mucosal 
defense being overeome (deereased seeretion of 
mucus and biearbonate). 

• Risk faetors: male gender, tobaeeo, ethanol eon- 
sumption, NSAIDs, H. pylori infeetion, uremia, 
stress, steroids, ehemotherapy 

• Hemorrhage assoeiated with higher mortality 

Hiatal Hernia 

• Type I 

■ Dilation of hiatus with sliding hernia 

■ Most eommon 

■ May be assoeiated with GERD, although most 
type I patients do not reflux 

• Type II 

■ Paraesophageal, hole in diaphragm next to the 
esophagus 

■ Symptoms: dysphagia, ehest pain, early 
satiety 

• Type III: eombined 

• Type IV: entire stomaeh in thorax, other organs 
may be included (e.g., spleen or eolon) 

Cancer 

• Adenoeareinoma of the small bowel 

■ Most eommon small bowel malignaney 

■ Rare, but occurs more eommonly in 
duodenum 

■ Risk faetors: familial adenomatous polyposis, 
Gardner’s syndrome, polyps, adenomas, von 
Recklinghausen’s syndrome 



Sliding hernia 

Esophagus 

Peritoneal 
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junction 


Paraesophageal hernia 
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Esophagus 
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paraesophageal 
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Hiatal Hernias 
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Polypoid adenoeareinoma 



Adenoeareinoma 





Radiographie 
appearanee of 
polypoid 
adeno- 
eareinoma 




Large polypoid 
adenoeareinoma 
at pylorie antrnm 


Carcinoma of stomaeh 

Extensive eareinoma of stomaeh 
with metastases to lymph nodes, 
liver, omentum, tail of panereas, 
and hilus of spleen; biliary 
obstruction 


Gastrie Carcinoma 

















Adenoeareinoma of the stomaeh 

■ More than 20,000 new U.S. eases per year 
(rate deelining) 

■ Dietary risk faetors might inehide spiey and 
smoked food. 

■ Assoeiated with atrophie gastritis with 
hypoaeidity 

■ Ghronie H. pylori infeetion is a major risk faetor. 

■ 7%-10% of ulcers assoeiated with an 
adenoeareinoma 

■ Hyperplastie gastrie polyps (most eommon, 
80%) have little risk. 

■ Adenomatous gastrie polyps have a 15% risk of 
developing malignaney. 

■ Polyps of either kind may be asymptomatie or 
assoeiated with vague abdominal diseomfort. 

• Lymphoma 

■ Gan occur as a manifestation of diffuse lym- 
phoma (more eommon) 

■ Isolated gastrie disease 

■ 50% of all lymphomas occur in the stomaeh 

■ Primary gastrie lymphoma ean be treated by 
partial gastreetomy. 

Gastrointestinal stromal tumor (GIST): 3% of 
gastrie malignaneies 

Billroth Procedures 

Billroth I: antreetomy with gastroduodenal 
anastomosis 

Billroth II: antreetomy with gastrojejunal 
anastomosis 

Inereased marginal ulceration with diarrhea 
with Billroth procedures, eompared with Roux- 
en-Y gastrojejunostomy 
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Zollinger-Ellison Syndrome 

• Tumors may be multiple and metastatie. 

• Panereatie tumors may be surgically enucleated 
from the gastrie wall. 

• Enucleation and reseetion are eonsidered neees- 
sary for effeetive palliation and reduced need for 
drug treatment. 

• Total gastreetomy is indieated with nonreseet- 
able tumors for best long-term quality of life. 

• See hgure on page 210 for more information. 
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ANATOMY OF 

THE ABDOMINAL WALL 

Abdominal Wall Layers 

• Following are layers from the surface in. 

■ Skin 

■ Superficial faseia with a variable amount of 
subdermal fat: Gamper’s faseia, overlying mem- 
branous Searpa’s faseia (subumbilical level) 

■ Muscle bellies and aponeuroses of the rectus 
abdominis, external and internal obliques, and 
transversus abdominis muscles 

■ Transversalis faseia 

■ Endoabdominal faseia and the peritoneum 
(greater sae) 

External Oblique (EO) Muscle 

• Bilateral origins off of the lower ribs, lumbar 
faseia, and iliae erest 

• On eaeh side, the lower border of its aponeurosis 
attaehes to anterior superior iliae spine and 
pubic tubercle to form the inguinal bgament. 

• Distally, a portion of EO aponeurosis fibers areh 
posteriorly to insert on the superior pubic 
ramus, forming the lacunar ligament (of 
Gimbernat). 

• Most lateral of these deep (lacunar) fibers eon- 
tinue to run along the peetin of pubis as the 
peetineal ligament (of Gooper). 
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Transversalis faseia 

Extraperitoneal 
faseia (loose 
eonneetive tissue) 


Peritoneum 

Testicular vessels and 
genital braneh of 
genitofemoral nerve 


Ductus (vas) 
deferens 


lnguinal 
ligament 
(Poupart's) 

Cremaster muscle 
and eremasterie 
faseia on 
spermatie eord 


Origin of internal 
spermatie faseia from 
transversalis faseia at 
deep inguinal ring 


External 

oblique 

musde 


Internal 
oblique 
muscle 


Transversus 
abdominis muscle 


Abdominal Wall: lnguinal Region 








Some of the most distal fìbers areh upward, 
avoid the pubic tubercle, and merge with the 
opposite side’s fìbers as the refleeted inguinal 
ligament. 

Most imisele and aponeurotic fìbers run supero- 
lateral to inferomedial (“hands in poekets” 
orientation). 

Medial part of the EO aponeurosis contributes 
the most anterior fìbers of the rectus sheath. 
Superficial (external) inguinal ring: division in 
the most inferior aponeurosis; spermatie eord or 
round ligament passes through 
External oblique faseia contributes to external 
spermatie faseia. 

Fibers of the medial crus (of the superfìcial ring) 
attaeh to the pubic erest. 

Fibers of the lateral crus attaeh with the rest of 
the inguinal ligament to the pubic tubercle. 

EO aponeurosis is relatively weak superiorly, 
very strong inferiorly. 

Innervation: anterior rami T7-T12 (thoraeoab- 
dominal and subcostal nerves) 

nternal Oblique (IO) Muscle 

Bilateral origins off the lower ribs, lumbar faseia, 
and iliae erest 

Fibers run deep, approximately perpendicular to 
the external oblique layer, from the deep lumbar 
aponeurosis, curving anteriorly then medially. 
Gremaster muscle and faseia: IO layer surround- 
ing internal spermatie faseia 
Medial IO aponeurosis layer splits to pass around 
the rectus, as the middle layer of the rectus 
sheath, above the semicircular lines (of Douglas). 
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• On eaeh side, the inferior triangle of the IO 
aponeurosis fuses with the transversus aponeu- 
rosis to form the eonjoined (eonjoint) tendon. 

• Innervation: anterior rami T7-T12 (thoraeoab- 
dominal nerves) and L1 

Transversus Abdominis (TA) Muscle 

• Bilateral origins off the lower ribs, himbar faseia, 
and iliae erest 

• Fibers run deep to the internal oblique layer, 
mostly posteriorly, beeoming largely aponeu- 
rotie laterally in the deep baek. 

• Medial aponeurotic fibers pass posterior to the 
rectus, as the posterior layer of the rectus 
sheath, above the semicircular lines (of Douglas). 

• On eaeh side, the inferior triangle of the TA 
aponeurosis fuses with the internal oblique 
aponeurosis to form the eonjoined (eonjoint) 
tendon. 

• Deep (internal) inguinal ring: gap in the trans- 
versus abdominis, lateral to the inferior epigas- 
trie arteries 

• Innervation: anterior rami T7-T12 (thoraeoab- 
dominal nerves) and L1 

Rectus Abdominis Muscle 

• Parallel segments of muscle with vertieally 
mnning fibers; segments joined end-to-end by 
tendinous insertions (inseriptions) 

• Upper segments well separated at the midline 

• Lower segments elose together at midline 

• External oblique aponeurosis is always the most 
superfìcial (anterior) eomponent of the rectus 
sheath. 



• Internal oblique aponeurosis splits to run in front 
of and behind rectus in the sheath above the 
semilrmar lines (somewhat above umbilicus). 

• External and internal oblique and transversus 
aponeuroses eomponents of rectus sheath pass 
anterior to the rectus below the semicircular 
lines (below the umbilicus). 

• Pyramidalis muscle, present in -80% 

■ Lies anterior to the inferior part of the rectus 

■ Attaehes to the anterior pubis and anterior 
pubic ligament 

■ Inserts on the linea alba and tenses it 

• Innervation: anterior rami T7-T12, thoraeoab- 
dominal nerves 

Linea Alba 

• Midline, tendinous junction between right and 
left portions of the rectus sheath and the under- 
lying midline tendons of the rectus muscle 
segments 

• Tends to be broader, more well developed 
superiorly 

• Umbilical gap lies about 2/3 of the way down 
from the linea origin at the xiphoid proeess. 

Transversalis Faseia 

• Tough faseial layer just deep to the transversus 
muscle and aponeurosis, rectus sheath, and 
rectus abdominis anteriorly 

• Overlies the endoabdominal faseia (and fat) 
superfìcial to the peritoneum 

• Male transversalis faseia outpockets through the 
deep (internal) inguinal ring, a gap in the trans- 
versus abdominis, lateral to the inferior epigas- 
trie arteries. 
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Internal spermatie faseia: transversalis faseia 
layer surrounding the layers of the tunica vagi- 
nalis around the deseended testis, its duct, and 
vessels 

Iliopubic traet: thiekened inferior margin of the 
transversalis faseia, mnning parallel, posterior, 
and deep to the inguinal ligament (reinforeing) 
Round ligament passes through the deep ingui- 
nal ring in the female. 

Hesselbaeh's Triangle 

Anatomieal area (on either side) of the inferior 
and interior abdominal wall, lying between the 
inferior epigastrie artery and the midline 
Lies deep to the eonjoint tendon 
Anteromedial to the deep inguinal ring 
Direet inguinal hernias direetly penetrate the 
wall (i.e., eonjoint tendon) in this region. 
Indireet inguinal hernias pass though the deep 
ring lateral to this region (and the inferior epi- 
gastrie artery). 

Inguinal Canal Boundaries 

Anterior: external oblique aponeurosis 
Posterior: transversalis faseia and a variable 
amount of transversus abdominis faseia 
Inferior: inguinal and lacunar ligaments 
Superior: internal oblique and transversus 
abdominis rmiseles and aponeuroses 
Internal (deep) inguinal ring: entry point through 
a transversus abdominis muscle gap for sper- 
matie eord or round ligament 
External (superhcial) inguinal ring: division in 
external oblique aponeurosis that passes the 
spermatie eord or round ligament 



Spermatie Cord Layers and Contents 

• External spermatie faseia (external oblique 
faseia) 

and eremasterie artery 

• Internal spermatie faseia (from transversalis) 

• Parietal tunica vaginalis (peritoneal origin) 

• Viseeral tunica vaginalis around deeper viseera 

■ Vas and ductus deferens, deferential artery 

■ Testicular veins and pampiniform plexus 

■ Testicular artery 

■ Nerves (testicular, autonomic, sensory) 

■ Testis with tunica albuginea 

Nerves Near the Spermatie Cord 

• Iliohypogastrie: superfìcial if seen 

• Ilioinguinal: typieally superficial to eord 

• Genitofemoral: usually posterior to eord 

VESSELS AND LYMPHATICS 

Regional Arteries and Veins 

• External iliae arteries and veins run aeross 
the pelvie brim, passing under the inguinal 
ligament to beeome the femoral arteries and 
veins. 

• Inferior epigastrie vessels arise from the external 
iliae vessels just before they pass through the 
inferior abdominal wall. 

• Inferior epigastrie vessels run superiorly through 
the deep surface of the rectus abdominis, to 
anastomose within it with branehes of superior 
epigastries. 

• Testicular arteries pass down from their source 
on the aorta (renal levels) to enter deep inguinal 


Gremasterie layer 
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ring with ductus deferens and pass with sper- 
matie eord through inguinal eanal to attaeh to 
testis. 

• Superficial epigastrie arteries and veins arise 
from the femoral vessels (below the inguinal liga- 
ment) and curve superomedially to supply ante- 
rior inferior abdomen superficially. 

• Small eremasterie branehes of inferior epigastrie 
vessels aeeompany spermatie eord. 

Lymphaties 

• Superficial lymphaties of abdominal wall above 
umbilicus drain into axillary nodes. 

• Superficial lymphaties of abdominal wall below 
umbilicus drain into inguinal nodes. 

• Enlarged inguinal nodes should not be mistaken 
for an inguinal hernia because of their plaee- 
ment below inguinal ligament. 

OLINIGAL OORRELATES 

• In hernias, portions of peritoneum (sae), 
abdominal fat, or adjaeent viscus or viseera 
protmde through defeets or gaps in abdominal 
wall. 

• Ineareeration: abdominal eontents are trapped 
in the hernia, ean progress to strangulation 
(acute: emergeney) 

• Strangulation: blood vessels to a viscus are eom- 
pressed, causing isehemia and neerosis 

• Reduction: hernia eontents are returned to their 
normal position in the abdomen 

lnguinal Hernia 

• 80%-90% of abdominal hernias 
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Types 

• Indireet 

■ Passes through deep (internal) inguinal ring, 
inguinal eanal, and hnally through superfìcial 
(external) inguinal ring; follows course of sper- 
matie eord 

■ Typieally eongenital, assoeiated with a persis- 
tenee of the fetal processus vaginalis (perito- 
neal traet aeeompanying the deseending 
testis) 

■ Hernial sae lies within the spermatie eord, 
neeessitating disseetion in herniorrhaphy 

■ More than 2/3 of inguinal hernias are 
indireet. 

■ Hydroeele: excess fluid in persistent processus 
vaginalis 

• Direet 

■ Passes direetly through posterior wall of ingui- 
nal eanal, through defeet in transversalis 
faseia, within Hesselbaeh’s triangle 

■ Gan extend through inguinal eanal into 
scrotum 

Approoehes 

• Anterior approaehes for herniorrhaphy 

■ Bassini repair: used for both direet and indi- 
reet herniorrhaphy, approximation of the eon- 
joint tendon and transversalis faseia superior 
to the free edge of the inguinal ligament 

■ Gooper’s ligament (MeVay) repair: approxima- 
tion of the eonjoint tendon and transversalis 
faseia above Gooper’s (peetineal) ligament 

■ Prosthetie repair: with mesh in large defeet 
with wall tension 



• Posterior (preperitoneal) approaeh 

■ May be preferred for recurrent, strangulated, 
or eomplieated hernias 

■ Transverse ineision through external oblique 
aponeurosis and rectus sheath, separation of 
muscle layers, ineision of transversalis faseia, 
opening of preperitoneal spaee 

■ Peritoneum is separated from anterior abdom- 
inal wall and posterior inguinal eanal. 

■ Hernia is exposed and reduced, and the sae 
excised when appropriate. 

• Laparoseopie approaeh 

■ Indieated in recurrent or bilateral hernias 

■ May be transabdominal or extraabdominal 

Femoral Hernia 

• Passes through the femoral eanal 

• Deep to the iliopubic traet and inguinal 
ligament 

• Medial to the femoral vein 

• Lateral to the insertion of the iliopubic traet into 
the lacunar (Gooper’s) ligament 

• Hernial sae lies below inguinal ligament, in groin 
or superior thigh. 

• More eommon in women 

Llmbilieal Hernia 

• Usually eongenital; small defeets typieally elosed 
by age 2 years 

• Early defeets >2 em or those persisting beyond 
age 4 years require repair. 

• Acquired hernias: typieally due to inereased 
abdominal pressure in pregnaney, morbid 
obesity, aseites 
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Valsalva maneuver produces a reducible bulge; 
defeet ean be palpated. 

Rarely, ean be confused with a lipoma or epigas- 
trie hernia 

Apparent lipoma may be ineareerated hernia 
Treatment: ineision, reduction of hernial sae, 
and return of eontents to abdominal eavity 
Heavy sutures for closure, prosthetie repair nee- 
essary for large defeets 
Recurrence and eomplieations uncommon 

neisional Hernia 

Ventral: the great majority occur at site of a 
previous abdominal ineision. 

Causes include elinieal or subclinical wound 
infeetion, poor healing, aseites, mahmtrition, 
pregnaney, ehemotherapy, steroids, strain on 
the wound. 

Faseial edges separate; hernia protmdes. 
Valsalva maneuver produces a bulge that reduces 
on expiration. 

Edges of the faseial defeet ean be palpated. 

High recurrence rate: contributing faetors may 
need attention, including obesity, mahmtrition, 
uncontrolled diabetes, steroids 
Unless faetors interfere, repair is reeommended 
at or near diagnosis. 

Open reduction usually involves opening the 
original ineision. 

Rare Hernias 

• Obturator hernia (OH) 

■ Through the obturator eanal into thigh adduc- 
tor eompartment with neurovascular bundle 
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■ OH most eommon in older women 

■ Difficult to diagnose, demonstrable on GT 

• Parastomal hernia 

■ Occurs through the same abdominal opening 
made for the ostomy 

■ Might require reloeation of ostomy or pros- 
thetie repair of defeet 

• Spigelian hernia 

■ Through the faseia between rectus and semi- 
lunar line 

■ Narrow, may be interparietal, posterior to the 
external oblique aponeurosis 

■ Reduced through a transverse ineision over 
the hernia 

• Lumbar hernia 

■ Hernia through posterior abdominal wall in 
various loeations 

■ May be large 

■ Repair through transabdominal approaeh 

• Seiatie hernia 

■ Extremely rare, through greater seiatie 
foramen 

■ Gan manifest with bowel obstmetion 

■ Requires transabdominal approaeh 

• Perineal hernia 

■ Through imiseles and faseia of perineal (uro- 
genital) diaphragm 

■ May be eongenital or acquired after perineal 
surgery 

■ Transabdominal reduction 

Hiatal Hernias 

See p. 161 and Ghapter 10, p. 142, for more 

information. 
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ANATOMY OF THE KIDNEYS 

Position of the Kidneys 

• Retroperitoneal, posterior to upper GI organs 

• Lying on lateral borders of upper psoas muscles 

• Iíidneys and adrenals lie within perirenal (peri- 
nephrie) fat that is enelosed by fibrous renal 
faseia (Gerota’s). 

• Retroperitoneal pararenal fat surrounds renal 
faseia. 

• Parts of right kidney lie posterior to liver, duo- 
denum, and right eolie (hepatie) flexure. 

• Right-dominant liver forees right kidney to lie 
lower than the left. 

• Parts of left kidney lie posterior to stomaeh, tail 
of panereas, spleen, and left eolie (splenie) 
flexure. 

• Upper parts of both kidneys overlie posterior 
inferior diaphragm. 

• Right kidney also typieally overlies quadratus 
lumborum, 12th rib, and transversus 
abdominis. 

• Left kidney overlies quadratus lumborum, llth 
and 12th ribs, and transversus abdominis. 

Internal Renal Structure 

• Renal eapsrile: fibrous, invests cortex, termi- 
nates around the rim of minor ealyees in renal 
sinus 
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• Gortex: eontains Bowman’s capsules and glo- 
memli (renal corpuscles), proximal and distal 
convoluted tubules, proximal eolleeting ducts, 
arcuate arteries and veins, eortieal eapillary 
plexus 

• Medulla, pyramids: eontain loops of Henle, distal 
eolleeting ducts, vasa reetae, medullary eapillary 
plexus 

• Renal (eortieal) eohimns (Bertini): lie between 
pyramids, like cortex, eontain renal corpuscles, 
tubules, and vessels 

• Renal papilla: apex of pyramid, eontains eolleet- 
ing tubule openings, drains into minor calyx 

Collecting System 

• Minor ealyees: eolleet urine from papillary 
tubules 

• Major ealyees: formed by union of 8-10 minor 
ealyees 

• Renal pelvis: formed by union of 2-4 major 
ealyees, eonneets in turn to ureter 

Ureter 

• Fibromuscular tube with mucosa 

• Upper: renal pelvis to upper border of saemrn 

• Middle: overlies saemm 

• Lower: border of saemm to bladder 

• Blood supply: upper from renal arteries, middle 
from ovarian or testicular arteries, lower from 
vesieal arteries 

Innervation of Kidneys and Ureters 

• Parasympathetie 

■ Preganglionie: vagal fibers mn through eeliae 
and superior mesenterie plexuses, joining 
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renal nerve plexus for distribution to ganglion 
eells in renal parenehyma, pelvis, and ureter 

• Sympathetie 

■ Preganglionie: hbers run through splanehnie 
nerves (espeeially least), eeliae, and superior 
mesenterie plexuses to synapse in aortieorenal 
ganglia. 

■ Postganglionie: hbers distributed to smooth 
muscle of renal vessels and gomemli 

• Sensory 

■ Segmental viseeral afferent hbers run parallel 
to sympathetie hbers to dorsal root ganglia and 
spinal segments T11-L2. 

VESSELS AND LYMPHATICS 

• Renal hilus: vessel entry and exit region 

Arterial Supply 

• Renal arteries are usually paired main branehes 
on the right and left sides of abdominal aorta. 

• Often variable, in up to 40% of eases 

• Variations inehide aeeessory renal arteries (in 
addition to main) and pelvie branehes with 
pelvie or horseshoe kidneys 

• Renal artery branehes at hihim typieally lie pos- 
terior to renal veins and anterior to renal pelvis. 

Venous Drainage 

• Renal veins: usually single main branehes, left 
and right, draining direetly into the right-sided 
abdominal vena eava 

• Long course of left renal vein passes anterior to 
aorta and under superior mesenterie artery 
(nutcracker conhguration). 
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Lymphatie Drainage 

• Parenehymal, subcapsular, and perirenal 
plexuses drain into eaval and aortie (lumbar) 
nodes. 

• Lumbar nodes drain through lumbar lymphatie 
trnnks into eisterna ehyli. 

GLINIGAL GORRELATES 

Stones 

• Symptoms: severe eolieky pain and restlessness 

• Urinalysis might demonstrate blood and 
stones. 

• GT ean demonstrate stones and hydronephrosis. 

• Galcium oxalate (phosphate) 

■ Most eommon (-75%) and radiopaque 

■ Inereased occurrence due to inereased 
eolonie uptake of oxalate in terminal ileum 
reseetion 

• Magnesium ammonium phosphate (stmvite) 
stones (-15%) are radiopaque and ean occur 
with infeetions producing urease (e.g., Proteiis 
mirabilis). 

• Stmvite stones ean develop into staghorn calculi 
that hll renal pelvis. 

• Uric aeid stones (-7%) 

■ Radiolucent 

■ Inereased ineidenee in patients with 
ileostomies, gout, and myeloproliferative 
diseases 

• Gysteine stones (-2%) 

■ Radiolucent to radiopaque 

■ Assoeiated with eongenital disorders of eyste- 
ine reabsorption 
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Obstructive LJropathy: Etiology 
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Surgical indieations: intraetable infeetion or 
pain, progressive obstmetion, progressive kidney 
damage, solitary kidney 

Renal Cancer 

Renal eell eareinoma (hypernephroma): most 

eommon primary tumor 

Symptoms: abdominal pain, mass, hematuria 

• About 15% ealeified 

About 33% metastasized by time of diagnosis, to 
hmg (most eommon) or eolon 
Greatest risk faetor: smoking 

• Treatment 

■ Radieal nephreetomy 

■ Seleetive radiation, ehemotherapy, 
imnmnotherapy 

■ Appropriate reseetion of metastases 

von Hippel-Lindau syndrome: recurrent renal eell 
eaneer, eysts, pheoehromoeytomas, GNS tumors 

• Nephroblastoma (Wilms’ tumor) 

■ Rare renal malignant tumor of early ehild- 
hood: 8/million ineidenee 

■ Manifests eommonly as asymptomatie abdom- 
inal mass 

■ Tumor eells produce renin, leading to 
hypertension. 

■ Assoeiated with hypospadias, eryptorehidism, 
ocular malformations 

Most eommon seeondary renal tumor: breast 
metastasis 

• Other neoplasms 

■ Transitional eell eaneer of renal pelvis 

■ Angiomyolipomas 

■ Oneoeytomas 
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Surgical Approaehes to the Kidneys 

• Miiltiple different surgical approaehes to kidneys: 
anterior, lateral or flank, lumbar or posterior, 
laparoseopie 

• Lateral and posterior approaehes are 
extraperitoneal. 

• Preferred approaeh depends on disease, size and 
extent of lesion, obstmetion, trauma, eaneer or 
reseetion, and failure or transplant. 

• Radieal nephreetomy (typieal treatment for 
renal eell eareinoma): reseetion of kidney, peri- 
nephrie fat, Gerota’s faseia 

• Partial reseetion for solitary or for nmltiple or 
recurring tumors (e.g., von Hippel-Lindau 
syndrome) 
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ANATOMY OF THE LIVER 

Basie Gross Anatomy 

• Liver develops in ventral mesogastrium, sur- 
rounded by peritoneum, except for bare area 
bounded by 

■ Goronary ligament: peritoneal attaehment to 
the inferior diaphragm 

■ Left and right triangular ligaments, where 
eoronary ligament refleets posteriorly 

• Faleiform ligament: remnant of ventral mesogas- 
trium attaehing to the abdominal wall 

• Round ligament 

■ Remnant of umbilical vein within the faleiform 
ligament 

■ Persisting venous eonneetions may be 
present between liver/portal system and body 
wall. 

• Hepatoduodenal ligament: peritoneal fold sur- 
rounding portal triad (hepatie artery proper, 
portal vein, bile duct), right edge of lesser 
omentum 

• Omental foramen (of Winslow): posterior to 
hepatoduodenal ligament, opens into lesser 
(peritoneal) sae 

• Lesser omentum (hepatogastrie ligament) and 
posterior aspeet of stomaeh form anterior wall 
of lesser (peritoneal) sae 
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Divisions 

Right and left hepatie lobes: divided by a plane 
extending from eystie fossa (anteroinferior) 
through inferior vena eava (superoposterior) 
Right lobe typieally eontains 50%-70% of total 
liver volume. 

■ This is different from the historieal view, divid- 
ing lobes by the faleiform ligament. 

Eaeh hemiliver eontains its own hepatie artery 
braneh, portal blood supply, venous drainage, 
and bile duct. 

■ Basis for dividing the lobes without total vas- 
cular inflow occlusion 

Further division into 8 segments, reseetable 
based on blood vessel and bile duct anatomy 

■ Segment I: posterior, right and left caudate 
lobe 

■ Segment II: left lateral division, left portal lobe, 
lateral segment (lateral superior) 

■ Segment III: left lateral division, left portal 
lobe, left lateral anterior segment (lateral infe- 
rior area) 

■ Segment IV: medial division, left portal lobe, 
medial segment (medial inferior area, quad- 
rate lobe) 

■ Segment V: right medial division, right portal 
lobe, left anterior medial segment (anterior 
inferior area) 

■ Segment VI: right lateral division, right 
portal lobe, lateral segment (posterior 
inferior) 

■ Segment VII: right lateral division, right portal 
lobe, posterior lateral segment (posterior 
superior) 



Division into segments is based upon ramifieations of bile 
ducts and hepatie vessels. It does not entirely eorrespond 
with division into anatomie lobes. 
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■ Segment VIII: right medial division, right 
portal lobe, posterior medial segment (anterior 
siiperior area) 

Portal Triads and Bile Duct System 

Portal triads—hepatie artery, bile duct, and 
portal vein branehes—and lymphaties seen in 
eharaeteristie relationships from mieroseopie 
(lobular) to maeroseopie (lobar) levels 
Popular functional eoneepts of liver parenehyma 
include elassie lobules and liver aeini organized 
around vessels. 

Interlobular portal vein branehes travel in inter- 
lobular septum on periphery of hepatie lobules. 
Interlobular hepatie artery branehes travel 
alongside portal veins in septa, providing smaller 
branehes to ducts and parenehyma (hepato- 
eytes) of lobules. 

Interlobular bile duct branehes reeeive bile ean- 
aliculi draining lobular parenehyma. 

Central veins in the middle of lobules drain into 
hepatie vein tributaries. 

Sinusoids are formed by plates of hepatoeytes 
surrounding lobular eentral veins. 

Innervation of the Liver 

Viseeromotor eontrol of human liver paren- 
ehyma and intralobular 

■ Ineompletely understood 

■ Efferents involved in regulation of portal blood 
flow, bile flow, regeneration of parenehyma, 
metabolism of lipids, earbohydrates, and 
plasma proteins 

• Hepatie plexus (around the hepatie artery 
proper) is largest braneh of eeliae plexus. 


biliary ductules 





7 



Inferior vena eava Common hepatie duct, hepatie portal 

vein, and proper hepatie artery 


Distribution of vessels and ducts 

1 Right braneh 

2 Left braneh 

3 Anterior segment 

4 Medial segment 

5 Posterior segment 

6 Lateral segment 

7 Anterior inferior area 

8 Medial inferior area 

9 Anterior superior area 

10 Medial superior area 

11 Posterior inferior area 

12 Lateral inferior area 

13 Posterior superior area 

14 Lateral superior area 

15 Caudate lobe 
(right and left) 

16 Caudate proeess 


Liver Vessel and Duct Distribution 
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ductule (eanal of Hering) 


Liver Structure Sehema 


• Parasympathetie: vagus 

■ Preganglionie fìbers from anterior and poste- 
rior vagal trunks distributed via eeliae plexus 
to intrahepatie ganglion eells 

■ Postganglionie fibers assoeiated with intralob- 
ular parenehyma 




• Sympathetie 

■ Preganglionie fìbers from intermediolateral 
columns of T7-T10 segments via splanehnie 
nerves to eeliae ganglion 

■ Postganglionie fibers from eeliae ganglion eells 
to smooth muscle of interlobular blood vessels 
and ductules 

• Afferent 

■ Segmental viseeral afferents 

* Travel baek via splanehnie nerves to dorsal 
root ganglia and thoraeie spinal segments 

T7-T10 

± Mediate pain and reflexes 

■ Vagal afferents 

± Ganglion eells in nodose (inferior vagal) 
ganglion 

± Involved in hepatie regulatory meehanisms 

■ Phrenie nerves: mediate some pain 

■ Pain diffusely mapped 

Parasympathetie, sympathetie, and afferent 
fibers distributed with blood vessel branehes to 
intralobular tissues 


VESSELS AND LYMPHATICS 

Arterial Supply 

• Branehes highly variable 

• Geliae artery branehes 

■ Gommon hepatie artery 

* Hepatie artery proper, right and left hepatie 
arteries 

* Right gastrie artery 

± Gastroduodenal artery 

■ Left gastrie artery 
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Right, middle, and Internal thoraeie arteries 
left hepatie arteries I Faleiforr 

Cystic artery \ ^8 amen1 


Left 

gastrie 

artery 


Inferior 

phrenie 

artery 


Aeeessory or replaeed arteries 

1. Right or eommon hepatie 

2. Left hepatie 

3. Right hepatie 

4. Cystic 


Cystic- 
Right gastrie*. 
Gastroduodenal 


_ — • — 

FV* ' V 

«r. 1 





Anastomoses of eorresponding arteries 

5. Inferior phrenie/left gastrie «—♦ left hepatie 

6. Right «—*• left hepatie 

Effeets of hepatie f A ■ Zone °f relative safet V „ 
artery obstroetion 1 B - Zone of questionable effeets 

LC. Zone of inevitable infaretion 


Celiac Artery Variations and Collateral Supply of Liver 








Right hepatie artery arises from superior mesen- 
terie artery in 10%-20% of patients. 

Left hepatie artery arises from left gastrie artery 
in -10% of patients. 

Rarely, eommon hepatie artery arises from supe- 
rior mesenterie artery. 

^ortal Venous Supply 

Gontains no valves 

Formed by confluence of superior mesenterie 
vein (right portal) with splenie and inferior mes- 
enterie veins (left portal) 

Right-left juncture usually occurs within hepa- 
toduodenal ligament. 

Left portal drainage goes toward left (hemi) liver, 
from distal esophagus, lesser curvature of the 
stomaeh, spleen, body and tail of the panereas, 
and distal half of eolon. 

Right portal drainage goes toward right (hemi) 
liver, from duodenum, head of panereas, 
jejunum, ileum, and hrst half of eolon. 

Right- and left-sided drainage typieally mixes in 
quadrate and caudate lobes. 

lepatie Venous Drainage 

Gentral veins of lobules drain into tributaries of 
hepatie veins. 

Intrahepatie right and left hepatie veins empty 
direetly into inferior vena eava. 

ymphatie Drainage 

Posterior aspeet of the liver drains toward 
phrenie nodes on eentromedial inferior dia- 
phragm or direetly through eaval hiatus to medi- 
astinal nodes. 
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around 
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Lymph Vessels and Nodes of Liver 
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• Anterior lymphatie drainage flows toward porta 
hepatis, emptying to hepatie nodes clustered 
around hepatie artery. 

• Hepatie and mediastinal nodes drain toward eis- 
terna ehyli and thoraeie duct. 

CUNICAL CORRELATES 

Liver Fiinetions 

• Largest compound gland, prineipal metabolie 
and detoxification organ 

• Hepatoeytes synthesize glyeogen from ghieose 
and store and break down glyeogen as needed. 

• Liver synthesizes albumen (transport agent and 
osmotie agent in serum). 

• Liver disease ean lead to low serum albumen 
level and loss of water into peritoneal eavity 
(aseites). 

• Liver seeretes glucose, plasma proteins, and 
lipoproteins. 

• Liver seeretes bilimbin, immunoglobulin A 
(IgA), and bile salts. 

Liver Trauma 

• Organ most often involved in blunt and pene- 
trating abdominal trauma 

• Bhmt trauma might not require surgical 
management. 

• Penetrating trarnna: surgery is the standard of 
eare 

Benign Tumors 

• Cavernous hemangioma 

■ Common autopsy finding, may be >1% 
occurrence 



■ More eommon in women > 30, but ean be 
found in any age group or sex 

• Foeal nodular hyperplasia (a.k.a. foeal eirrho- 
sis): seeond most eommon benign solid tumor 

• Hepatie adenoma 

Malignant Tumors 

• Primary lesions 

• Hepatoeelhilar eareinoma 

■ One of the most eommon malignaneies 
worldwide 

■ Assoeiated most strongly with ehronie viral 
hepatitis 

■ Usually occurs with eirrhosis 

• Metastatie lesions 

■ More eommon than primary tumors in the rest 
of the world 

■ Virtually any primary tumor ean metastasize 
to liver. 

■ Only eoloreetal and some panereatie islet ear- 
einomas typieally make reseetable tumors. 

■ Gareinoid and leiomyosareoma tumors ean 
also be reseetable. 

Cirrhosis and Liver Failure 

• Girrhosis is most eommon cause of liver failure. 

• Meehanism of eirrhosis: hepatoeyte destmetion 
—> hbrosis and searring —» venous hypertension 
—» portal venous eongestion —» lymphatie over- 
load —» lymph leakage and aseites 

• Prothrombin time is best indieator of synthetie 
function. 

• Hepatie eneephalopathy: metabolie deheit leads 
to buildup of ammonia, methane thiols, mereap- 
tans, and false neurotransmitters 
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Few small 
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Regular formation of small 
nodules and thin septa, 
eharaeteristie of 
Laénnee's eirrhosis 



Regenerative 
nodule and 
fibrosis 
obstruct 
hepatie vv. 

Arteriovenous 
anastomosis 
in fibrous 
septa 


Superior 
vena eava 

Right atrium 
Inferior 


Esophagus 

Esophageal 
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Short 


Portahepatie 
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and bypass liver eells 


Left gastrie 
(eoronary) v. 

Portal v. pressure rises 
from 10 mm Hg to 20, 
30, or more 



Neerosis 


Portahepatie shunts 
in fibrous septa 


Grrhosis 






• Inereased aldosterone, seeondary to impaired 
metabolism and low glomemlar fìltration 
rate 

• Peritoneovenous shunts (LeVeen, Denver) used 
to drain aseites fluid into venous system 

Abseesses 

• Historieally ehallenging to treat 

• Pyogenie (baeterial) 

■ Predisposing: biliary diseases or infeetions in 
areas with portal drainage (appendieitis, diver- 
ticulitis, perforating neoplasms) 

■ Less eommon causes: baeteremie seeding, 
trauma, ehronie suppurative infeetions 

■ Ultrasound and GT offer high diagnostie 
accuracy. 

■ Prineiples of treatment 

* Abseess drainage 

± Percutaneous with ultrasound or GT 

* Approaehing effeetiveness of open surgical 
drainage 

■ 8%-22% mortality in reeent series 

■ Gomplieations: rupture into adjaeent struc- 
ture, dissemination, and multiorgan failure 

• Amebie: Entamoeba histolytiea 

■ Emigration from or travel through region with 
endemie amebie disease 

■ Ingested eysts break down to form mobile 
trophozoite. 

■ Trophozoites inhabit eolon or its wall. 

■ Liver invaded via portal drainage, with neero- 
sis and abseess formation 

■ Ultrasound may be diagnostie (>90%), with no 
need for GT. 
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■ Serologie test for E. histolytiea antibodies eon- 
firms diagnosis. 

Hemobilia 

Gastrointestinal hemorrhage seeondary to 
biliary traet bleeding 

Occurs from sites in biliary system, from liver 
parenehyma through other loeations in duct 
system and gallbladder 

Trauma, infeetion, or tumor ean cause hemor- 
rhage into biliary tree. 

Trauma and iatrogenie injury are eommon 
causes in the U.S. (biopsy, stents, ERGP [see 
Chapter 8, Biliary Diseases]). 

May be massive or minimal, depending on 
source, etiology 
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ANATOMY OF THE PANGREAS 

Parts and Landmarks 

• Head (includes uncinate proeess), neek, body, 
tail 

• Uncinate proeess lies behind superior mesen- 
terie artery and anterior to aorta. 

• Neek overlies superior mesenterie artery and 
vein and portal vein. 

• Development 

■ Two endodermal gland buds of caudal foregut 
merge to form panereas. 

■ Buds rotate with foregut. 

■ Dorsal bud forms body and tail. 

■ Ventral bud makes head; uncinate proeess 
rotates behind superior mesenterie artery. 

■ Original mesentery fuses with posterior perito- 
neum, and panereas beeomes retroperitoneal. 

Loeation and Loeale of the Panereas 

• Retroperitoneal and posterior to stomaeh: typi- 
eally nonpalpable on physieal examination 

• Neek of panereas overlies L1 and L2 vertebral 
bodies in the transpylorie plane. 

• Head is to the right of and inferior to transpy- 
lorie plane. 

• Body and tail are to the left and above transpy- 
lorie plane. 
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Splenie artery 


Celiac trunk 


Duodenum 



Attaehment 
of transverse 
mesoeolon 


Lineinate proeess 
of panereas 

Superior mesenterie 
artery and vein 


Panereas in Situ 


Duct System 

Main Panereatie Duct 

• Begins in tail, runs medially into head 

• Turns inferiorly, elosely related to bile duct 

• Ducts unite to form hepatopanereatie ampulla 
(of Vater). 

• Ampulla empties into deseending duodenum at 
the major duodenal papilla. 




• Smooth muscle sphineter of panereatie duct 
around terminal portion 

• Smooth muscle sphineter lies around terminal 
bile duct. 

• Hepatopanereatie sphineter (of Oddi) around 
hepatopanereatie ampulla 

Aeeessory Ponereotie Duct (Varioble) 

• Gan open into duodenum at minor duodenal 
papilla 

• Aeeessory duct more often joins main duct 
(-60%). 

• If main duct is small, and there is no juncture, 
aeeessory duct ean earry majority of seeretion. 

Functional Anatomy 

• Tubuloacinar gland structure with a variety 
of eell types, including intermingled islets of 
Langerhans 

• Parasympathetie and sympathetie nerves are 
distributed to islets and aeini. 

• Gells’ seeretions are eontrolled by endoerine and 
autonomic nervous aetivities. 


: xocrine Functions 

Mediated by seeretin and eholeeystokinin 
formed by duodenal and jejunal epithelium 
Aeinar eells seerete amylase, lipase, trypsinogen, 
ehymotrypsinogen, carboxypeptidase, and Gl“. 
Ductal eells seerete HG0 3 “. 

Some seeretomotor input eomes from vagal 
parasympathetie fìbers. 


: ndocrine Functions 

Alpha eells seerete glucagon. 

Beta eells (eentral islets) seerete insulin. 
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Delta eells seerete somatostatin. 

F or PP eells seerete panereatie polypeptide. 

Islet eells also produce vasoaetive intestinal 

peptide (VIP), serotonin, neuropeptide Y, and 

gastrin releasing peptide (GRP). 

Innervation 

Both parasympathetie and sympathetie efferent 

hbers are distributed to islets. 

• Parasympathetie: vagus 

■ Preganglionie hbers from left and right vagal 
trnnks distributed through eeliae plexus 

■ Postganglionie: ganglion eells assoeiated with 
ductal smooth imisele, islets, aeini 

• Sympathetie hbers 

■ Preganglionie from T7-T10 segments, distrib- 
uted via splanehnie nerves to eeliae ganglion 

■ Postganglionie hbers distributed though eeliae 
plexus along arterial branehes 

■ Terminations on vascular smooth muscle, 
islets, aeini 


VESSELS AND LYMPHATICS 

Arterial 



• Head supplied by anterior and posterior branehes 
of superior and inferior pancreaticoduodenal 
arteries, branehes (respeetively) of the gastro- 
dnodenal (eeliae axis) and superior mesenterie 
arteries 

Body supplied by great, inferior, and caudal pan- 
ereatie arteries and branehes of splenie artery 
Tail supplied by splenie, gastroepiploie, and 
dorsal panereatie arteries 
Greatest blood flow to islet eells, then aeini 



Posterior superior 
pancreaticoduodenal 
artery ( phantom ) 


Gastroduodenal 


Anterior superior 
panereatieo- 
duodenal artery 


Greater 

panereatie 

artery 



Artery to 
tail of 
panereas 

Splenie artery 

Dorsal 
panereatie 
artery 

Inferior panereatie artery 


Superior mesenterie artery 

Posterior inferior 

pancreaticoduodenal 

artery 


Anterior inferior 

pancreaticoduodenal 

artery 

Arteries of Liver, Panereas, and Spleen 
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Anterior superior 
panereatieo- 
duodenal vein 


Hepatie portal 
vein 



Anterior inferior 
pancreaticoduodenal vein 


Posterior inferior 
panereatieo- 
duodenal vein 



Superior 
mesenterie vein 


Posterior superior 
pancreaticoduodenal 
vein 


(Great) 

panereatie vein 


Veins of Stomaeh, Panereas, and Spleen 







Venous Drainage 

• Into portal system by numerous branehes, great 
panereatie vein and others, draining fìrst into 
splenie vein (left portal) 

• Superior and inferior pancreaticoduodenal veins 
from head and neek region drain into superior 
mesenterie vein (right portal). 

Lymphatie Drainage 

• Nodes on surface and borders drain into eeliae 
and superior mesenterie nodes. 

• Upstream drainage into eisterna ehyli and tho- 
raeie duct 

GLINIGAL CORRELATES 

Panereatitis 

Acute 

• Stones and aleohol consumption most eommon 
causes in U.S. 

• Other causes include 

■ Endoseopie retrograde eholangiopanereatog- 
raphy (ERGP [Ghapter 8, Biliary Diseases]), 
trauma 

■ Hyperlipidemia, hyperealeemia, medieations 

■ Vimses and Asearis liimbrieoides and Cepha- 
lotaxus sinensis parasitism 

• Symptoms: abdominal pain radiating to baek, 
nausea, vomiting, anorexia 

• 10% mortality, 50% for hemorrhagie 

• No apparent cause? Ganeer a eoneern 

ehronie 

• Assoeiated with irreversible parenehymal 
fibrosis 
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Anterior 

view 


Splenie nodes 

Superior panereatie 
nodes 


Celiac nodes 


Pylorie Superior mesenterie nodes 
nodes (eentral superior group) 



Pancreaticoduodenal 

nodes 

Posterior view 

Celiac nodes 
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proper 
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Superior 
panereatie 
nodes 


Splenie vein 
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Lymph Vessels and Nodes of Panereas 









• Ghronie aleohol consumption most eommon 
cause of ehronie panereatitis, idiopathie 2nd 

• Exocrine tissue ealeified/íìbrotie, islets spared 

• Advaneed disease: lakes, dilations, and stenoses 
in duct(s) 

• Pain most eommon, with anorexia, weight loss, 
malabsorption, steatorrhea, recurrent acute 
panereatitis 

• Diagnosis 

■ GT shows ealeifieations and atrophy. 

■ Ultrasound shows dilated ducts, eysts, and 
atrophy. 

■ EGRP is very sensitive for ehronie disease. 

Panereatie Cancer 

Adenoeoreinoma 

• Predominantly male disease 

• Typieally found in 6th or 7th deeade 

• Most eommon symptoms: weight loss, jaundice, 
pain 

• Most eommon risk faetor: tobaeeo use 

• -20% survival rate at 5 years with reseetion 

• Lymphatie spread usually occurs first. 

• About 70% in head of panereas 

• 90% ductal adenoeareinoma 

Endoerine Neoplasms 

• Functional endoerine panereatie tumors repre- 
sent 2/3 of endoerine neoplasms; 1/3 are 
noniimetional. 

• Most eommon in panereatie head 

• Tumors respond to debulking. 

• Liver most eommon site of metastasis for all 
types 
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Panereas 


Common 
bile duct 


L7 




V. ' Carcinoma 

/ of head 

Duodenum invading 

duodenum 


Carcinoma on posterior 
surface of head obstmeting 
eommon bile duct 







I 



Panereas 






I 



Carcinoma of tai 
adherent to 
spleen, metastases 
to lymph nodes 
and liver 



Metastases from panereas 

Most eommon sites: 


Oeeasional sites: 



1. Regional nodes 

11. Heart 

1 

■ 

2. Liver 

12. Mediastinum 

3 11 

3. Lung and pleura 

13. Bladder 


7 


4. Intestine 

5. Peritoneiim 
Moderately eommon sites: 

6. Adrenal 

7. Bone 

8. Diaphragm 

9. Gallbladder 

10. Kidney 


14. Ovary 

15. Supraclavicular 
nodes 

16. Muscle or 
subcutaneous 
tissue 


2 9 16 8 

510 

4 16 


14 13 


Carcinoma of Panereas 



5 íliioroiiraeil (5-FU) and streptozoein ehemo- 

therapy work well for all. 

• Insulinoma 

■ Most eommon islet eell tumor, >85% benign 

■ Symptoms (Whipple’s triad): fasting hypogly- 
eemia, hypoglyeemie symptoms (eateehol 
surge, elevated heart rate, sweating), relieved 
by glucose 

Gastrinoma (Zollinger-Ellison syndrome: see 

next page) 

• Somatostatinoma 

■ Very rare, most are malignant 

■ Symptoms: diabetes, gallstones, steatorrhea, 
hypoehlorhydria 

■ Most eommon in head 

• Gliieagonoma 

■ Most are malignant. 

■ Symptoms: diabetes, weight loss, stomatitis, 
dermatitis 

VlPoma (Werner-Morrison syndrome) 

■ Most are malignant. 

■ Symptoms: diarrhea, hypokalemia, aehlorhydria 
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Eetoderm 


Apudoma 

APUD eell (gastrinoma) 


Gastrin 


Neural tube APUD eoneept 

Neuroendocrine (APUD) eells 
migrate with foregut derivatives 
and may later give rise to tumors. 


Pituitary 


L 'g- 

Treitz 


Adrenal 


Ovary 


MuItiple endoerine neoplasia may be 
assoeiated with ZolIinger-E11ison syndrome. 


Diarrhea 


Ulceration distal 
to lig. of Treitz 
suggests Zollinger 
Ellison syndrome 


Marked gastrin seeretion by tumor results in gastrie aeid 
hyperseeretion independent of antral gastrin seeretion. 


r 


r 


' ’ Early metastasis 



MuItiple duodenal ulcers 
with inerease edema of rugae 


of panereas 
Tumor in head 


of panereas 
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Zollinger-Ellison Syndrome 
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ANATOMY OF 
THE SMALL INTESTINE 

Duodenum 

• See Ghapter 10, Gastroduodenal Diseases. 

Jejunum 

• 40% of small intestine 

• Few large vascular areades (loops) 

• Long vasa reeta 

• Large, tall, and elosely paeked plieae circulares 

• Less fat in mesentery than ileum 

• Locus of maximum water (90%) and nutrient 
absorption, except for B 12 , bile aeids, iron, and 
folate 

• 95% of water absorbed 

lleum 

• 60% of small intestine 

• Many small vascular areades (loops) 

• Short vasa reeta 

• Large, low, and sparse plieae circulares, none 
distal 

• More fat in mesentery than jejunum 

• Maximum absorption of nonconjugated bile 
aeids, with conjugated bile aeids absorbed in 
terminal ileum 

• B 12 and folate maximally absorbed in terminal 
ileum 
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Greater 
omentum 
(.turned up) 


Transverse 

eolon 

(.turned up) 


Small 
intestine 
(jejunum 
and ileum) 


Aseending 
eolon 


Cecum 



Greater Omentum and Abdominal Viseera 


Mieroseopie Anatomy 

• Mucosa 

■ Epithelimn: enteroeytes (absorptive), goblet 
eells, Paneth eells, enteroehromaffin eells 

■ Lamina propria: eontains Peyer’s patehes 

a Lymphoid aggregations with B eells in germi- 
nal eenters and T eell in interfollicular zones 
a Densest patehes are in ileum. 

■ Muscularis mucosa 





Jejunum 

Anastomotie loop 
(areade) of 
jejunal 
arteries 


Barium radiograph 
of jejunum 



(arteriae reetae) 


Mucosa 


Circular folds 
(valves of 
Kerekring) 


Solitary 

lymphoid nodule 


lleum 


Straight arteries 
(arteriae reetae) 


Anastomotie loops 
(areades) of ileal arteries 


Mucosa 




Barium radiograph 
of ileum 


Circular folds 


Aggregate lymphoid 


Solitary lymphoid nodules nodules (Peyer's patehes) 


Jejunum and lleum: Mucosa and Musculature 
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Submucosa: strongest layer, eonneetive tissue, 
Meissner’s plexus (parasympathetie ganglion 
eells and neuronal network) 

• Muscularis 

■ Inner circular muscle 

■ Outer longitudinal layer 

■ Auerbach’s plexus: myenterie neurons and 
parasympathetie ganglion eells 

Serosa: peritoneum 

Mucosal surface area speeializations: mierovilli, 
villi, pliea circulares (valvulae eonniventes) 
Total absorptive surface for water and nutrient 
transfer: 200-550 em 2 

Water and mitrients absorbed aeross mucosa 

Endoerine Gut Functions 

Gholeeystokinin (GGK): seereted by eells of 
proximal intestine 

Seeretin: seereted by S eells of proximal 
intestine 

Motilin: seereted by M eells of proximal 
intestine 

Somatostatin (SMS): seereted by D eells through- 
out gut 

Peptide YY (PYY): seereted by L eells of distal 
intestine 

Glucagon-like peptide 2 (GLP-2): seereted by L 
eells of distal intestine 

Innervation 

• Parasympathetie: vagus 

■ Preganglionie fìbers: posterior branehes of 
right and left vagus distributed through eeliae 
and superior mesenterie plexus 





Celiac branehes Posterior Anterior 

of anterior vagal trunk vagal trunk 

and posterior 
vagal trunks 

Greater thoraeie 
splanehnie 
nerves 

Lesser thoraeie 
splanehnie 
nerves 

Superior 
mesenterie 
ganglion 

Intermesenterie 
(aortie) plexus 

Superior mesenterie 
artery and plexus 

lleoeolie artery 
and plexus 

Mesenterie 
branehes 


Nerves of Small Intestine 

■ Ganglion eells are loeated in myenterie (Auer- 
baeh’s) and submucosal (Meissner’s) plexuses. 

• Sympathetie 

■ Preganglionie fibers from T8-T10 lateral 
column distributed via splanehnie nerves to 
eeliae and superior mesenterie ganglia 


215 


Small Intestíne Diseases 




216 


Small Intestine Diseases 


■ Postganglionie fìbers distributed through 
eeliae and superior mesenterie plexuses along 
arterial branehes 

• Sensory fìbers, general viseeral afferent 

■ Vagal afferents distributed through eeliae and 
superior mesenterie plexuses 

■ Segmental afferents travel baek (parallel to 
sympatheties) through eeliae and superior 
mesenterie plexuses and splanehnie nerves to 
dorsal root ganglia and thoraeie spinal eord 
segments. 

VESSELS AND LYMPHATICS 

Arterial Supply 

Celioc Artery Bronehes 

• Gommon hepatie artery 

■ Gastroduodenal artery 

a Superior pancreaticoduodenal artery: to 
duodenum proximal to bile duct 
a Anastomoses with inferior pancreaticoduo- 
denal 

Superior Mesenterie Artery Bronehes 

• Inferior pancreaticoduodenal artery (duodenum 
distal to bile duct); anastomoses with superior 
pancreaticoduodenal 

• Jejunal branehes 

• Ileal branehes 

• Ileoeolie artery (with appendieeal braneh) 

• Areades link adjoining jejunal and ileal branehes. 

• Vasa reetae eonneet from areades to bowel walls. 

Marginal Artery 

• Gonneets superior and inferior mesenterie 
arteries 



Anastomosis (inferior 
pancreaticoduodenal 
to 1 st jejunal artery) 


lleoeolie 
artery 

Colic braneh 


lleal braneh 


Jejunal and ileal 
(intestinal) arteries 


Anastomotie loops 
(areades) 


Superior 
mesenterie 
artery and 
vein 



Straight arteries 
(arteriae reetae) 


Arteries of Small Intestine 
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lleoeolie vein 



Hepatie portal 
vein 

Superior 

mesenterie 

vein 

Jejunal and 
ileal (intestinal) 
veins 

Anastomotie 


Straight veins 
(venae reetae) 


V *^ v 


JLk 

StL 


/ \rT<V 'X 

# . KJ 


Superior mesenterie 
artery and vein 


Jejunal and ileal 
(intestinal) vessels 


Relations of superior 
mesenterie vein and artery 
in root of mesentery 



Veins of Small Intestine 







Venous Drainage 

• Duodenal veins empty into splenie vein, supe- 
rior mesenterie vein, and portal vein (which lies 
posterior to the first part). 

• Superior mesenterie vein (right portal drainage) 
reeeives jejunal, ileal, and ileoeolie veins that 
run alongside of arterial counterparts. 

Lymphatie Drainage 

• Peyer’s patehes occur in greater numbers in 
more distal small bowel (e.g., ileum). 

• Peyer’s patehes and intraluminal vessels drain 
into mesenterie nodes clustered around branehes 
of superior mesenterie artery. 

• Deeper drainage flows superiorly into nodes 
along aorta and into eisterna ehyli. 

CLINIGAL CORRELATES 

Small Bowel Obstruction 

• Hernias are most eommon cause in absenee of 
previous surgery. 

• Adhesions are most eommon cause with previ- 
ous surgery. 

• Other causes include malignaney, inflammatory 
bowel disease, Meekel’s diverticulum, and 
volvulus. 

• Midgut volvulus ean occur in pediatrie patients 
with malrotations. 

lntussusception 

• Portion of bowel (intussusceptum) invaginates 
into an adjoining segment of bowel (intussus- 
eipiens), causing obstmetion. 

• Gan occur in adults owing to tumors; lead point 
is often a malignant tumor. 
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Celiac nodes 



Superior 
mesenterie 
nodes (eentral 
superior group) 


Thoraeie duct 


Thoraeie 
duct 


Cisterna 
ehyli 


Intestinal 
lymphatie 
trunk 


Superior mesenterie nodes 
(juxtaintestinal group) 


Lymph Vessels and Nodes of Small Intestine 








I leo-i leoeol ic 
intussusception 



lleo-ileal intussusception 
(intussusceptum "spearheaded 
by pedunculated tumor) 


lntussusception 
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• Ileoeolie is the most eommon kind in infants. 

■ Typieally occurs between 5 and 10 months 

■ Timing (after 3 months) suggests infectious 
etiology. 

■ Terminal mesenterie node enlargement may 
be an indieator. 

■ Enlarged parietal lymphoid aggregates may be 
lead points that induce invagination. 

■ Idiopathie 

A No other speeifie pathology is typieally 
assoeiated. 

* More eommon in ehildren < 2 years 
± Viral infeetions and rotavims vaeeine have 
been implieated. 

• Ileoileal 

■ More eommon in ehildren > 2 years 

■ Lead point may be a Meekel’s diverticulum, 
panereatie rest, enterie duplication eyst, or 
hemangioma. 

• Ileoeolie and ileoeeeal intussusception ean 
occur after trauma or abdominal surgery. 

Diverticular Disease 

• Most intestinal diverticula are asymptomatie, dis- 
eovered ineidentally during other procedures. 

• Acquired jejunoileal diverticula eonsist of out- 
poeketing of mucosa and submucosa only. 

■ Occurring in <2% of the population 

■ Prevalenee inereases with age. 

Meekel's lleal Diverticulum 

• Most eommon eongenital anomaly of the GI 
traet: ~2% of population 





Meekel's 
diverticulum 
fibrous eord extending to umbilicus 



Fibrous eord eonneeting 
small intestine with umbilicus 




intermediate eyst 


Meekel's Diverticulum 
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• Remnant of the omphalomesenterie (vitelline) 
duct in distal ileum 

• True diverticulum: includes all layers of the 
bowel 

• About 2 feet from the ileoeeeal junction 

• Typieally manifests with painless lower GI 
bleeding in fìrst 2 years of life 

• Accounts for ~5% of painless lower GI bleeding 
in ehildren < 2 years 

• Panereatie tissue most eommon nonbowel tissue 
found in Meekel’s diverticula 

• Gan also include gastrie tissue: symptomatie 
with ulcer occurring in opposite gut wall (due to 
aeid seeretion) 

• Obstmetion: most eommon presentation in 
adults 

• Diverticulectomy: most eommon treatment for 
uncomplicated diverticulitis 

• Segmental reseetion indieated for eomplieated 
diverticulitis, neek <1/3 ileal diameter, or inflam- 
mation of the base 

• Reseetion on ineidental diseovery eontroversial 

Cancer of the Small Intestine 

• Most eommon benign neoplasms: adenomas, 
leiomyomas, and lipomas 

• Most eommon malignant neoplasms: adenoear- 
einomas, eareinoid tumors, lymphomas, and 
gastrointestinal stroma tumors, all rare 

• Only ~2% of GI malignaneies occur in small 
bowel. 

• Adenoeareinoma: most eommon malignant small 
bowel tumor, most eommon in duodenum 




• Gareinoid 

■ Slowly growing tumor of enteroehromaffìn 
(argentaffin or Kulchitsky) eells, producing 
serotonin and bradykinin 

■ More eommonly found in appendix 

■ Small bowel eareinoids are aggressive and 
typieally first seen when metastatie. 

■ Gareinoid syndrome, eharaeterized by diar- 
rhea, flushing, hypotension, taehyeardia, 
eventual endoeardial fibrosis 

■ Symptoms may be minimal with small bowel 
eareinoid because healthy liver metabolizes 
excess hormones. 

• Gastrointestinal stromal tumors (GIST): most 
eommon GI mesenehymal neoplasm (1% of all), 
often assoeiated with Kit gene nmtation 

• Leiomyosareoma 

■ Usually found in jejunum and ileum 

■ Most eommonly extraluminal 

• Lymphoma 

■ Usually found in ileum 

■ Inereased ineidenee in Wegener’s disease, sys- 
temie lupus erythematosus, AIDS, Grohn’s 
disease, eeliae sprue 

■ Usually B-eell type 

Oohn's Disease 

• Idiopathie inflammatory bowel disease, usually 
involving small and large intestine, but lesions 
ean occur in the GI traet from mouth to anus 

• Higher rate of occurrence in Ashkenazi Jews 

• Terminal ileum most eommonly involved 
segment 

• Asymmetrieal distribution of lesions 
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Regional enteritis 
eonfined to terminal ileum 



Regional Variations 


Terminal Involving Upper ileum Skip 

ileum cecum orjejunum lesions 


At ileo- 
eolostomy 


Crohn's Disease 












• Diserete (aphthous) and longitudinal ulcers 
eonimon 

• Gross bleeding may be absent (25%-30%). 

• Rectum frequently spared (-50%) 

• Perianal disease -75% 

• Fistulization 

• Gramilomas 5%-75% 

• Discontinuous imieosa involvement 

• Mucosal friability uncommon 

• Relatively normal surrounding nnieosa 

• Gobblestoning in severe eases 

• Normal vascular pattern 

• Surgery not curative (unlike ulcerative eolitis) 

Short-Bowel Syndrome 

• Because of absorptive and vascular reserve 
eapaeity of small intestine, limited reseetion of 
bowel is generally assoeiated with minimal 
morbidity. 

• Extensive reseetion ean result in short-bowel 
syndrome , with insufficient absorptive aetivity, 
intraetable diarrhea, malmitrition, weight loss, 
and dehydration. 

• About 75% of eases result from a single massive 
reseetion. 

• Adults: most eommon etiologies of short-bowel 
syndrome include mesenterie isehemia, malig- 
naney, and Grohn’s disease 

• Infants and ehildren: atresias, volvulus, and nee- 
rotizing enteroeolitis are most eommon causes 

• Major public health problem in U.S.: 10,000 to 
20,000 affeeted persons are dependent on total 
parenteral nutrition (TPN) 
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ANOREGTAL ANATOMY 

Rectum 

• Wider diameter than most of eolon, except for 
cecum 

• 12-16 em in length, starting at about the saeral 
promontory, extending to dentate line of anal 
eanal 

• Anterior aspeet of upper 4-6 em is intraperito- 
neal, with serosal surface. 

• Lower (majority of) rectum lies within extraperi- 
toneal pelvis, with no serosa. 

• Taeniae eoli spread out at reetosigmoid junction 
to form a continuous, external longitudinal 
muscle layer. 

• Three ílexures of rectum usually eorrespond 
with 3 transverse reetal folds (superior, middle, 
and inferior reetal valves). 

• Valves overlie thiekenings of circular muscle. 

• Ampulla: terminal portion rectum below inferior 
valve, supported by levator ani and anoeoeey- 
geal ligament 

• Women: thin reetovaginal septrnn separates 
anterior inferior rectum from vagina 

• Men: prostate and seminal vesieles lie anterior 
to inferior rectum 

• Mucosa: eohmmar epithelium, down to dentate 
line 




Anoreetal Diseases 


1 5-1 7 em 


11-13 em 


8-9 em 


5-6 em 


4-5 em 


2.5-3 em 


0.5-1 em ■ 



03 

■ ■ 

e 

03 

03 

U 

u 

DJD 



03 

D 

e 

eo 

03 


03 

U 


03 

e 

< 


03 

e 

03 

CJ 

03 

e 

03 



ransverse folds 
^uperior) , 

Middle ° f, ; ec,um t 
Inferior ((valvesof 

Houston) 

Peritoneal 
refleetion 


Levator ani 
muscle 

Anal columns 
(Morgagni's) 

Peetinate (dentate) 
line 


Internal sphineter 
muscle 


Anal glands 


Internal reetal 
venous plexus in 
submucous spaee 


General Anoreetal Anatomy 

Anal Canal 

• 3-5 em in length, from level of levator ani 
nmseles to anal verge 

• Canal includes dentate line, anal glands, internal 
and external sphineter nmseles, and hemor- 
rhoidal vessels. 

• External anal sphineter muscles: striated muscle, 
with somatie innervation under voluntary eontrol 

• Internal anal sphineter muscle: eontimiation of 
inner, circular smooth nmsele of hindgut, with 
autonomic (invohmtary) innervation 

• Stratified squamous epithelium lines anal eanal, 
beginning at dentate line. 













Mieroseopie Anatomy 

• Mucosa 

■ Epithelium: enteroeytes (absorptive), goblet 
eells 

■ Lamina propria 

■ Muscularis mucosa 

• Submucosa 

■ Strongest layer (eonneetive tissue) 

■ Meissner’s plexus (nemonal network) 

• Muscularis 

■ Auerbach’s plexus: myenterie nemons 

■ Inner circular muscle 

■ Outer longitudinal layer: 3 bands of eolie 
taeniae eoli merge into a continuous layer at 
reetosigmoid junction, down through sphine- 
ter level 

• Serosa 

■ Peritonemn only on anterior superior part of 
rectum 

■ Rest is extraperitoneal, in eontaet with endo- 
pelvie faseia. 


Innervation 

• Parasympathetie 

■ Preganglionie fibers via pelvie splanehnie 
nerves from S2-S4 spinal nerves 

■ Postganglionie fibers from eells in Meissner’s 
plexus (inner submucosal) and Auerbach’s 
plexus (outer myenterie) of reetal smooth 
muscle 

• Sympathetie 

■ Preganglionie fibers distributed via thoraeie 
and lmnbar splanehnie nerves through inferior 
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Inferior 
mesenterie 
ganglion, 
and plexus 

Superior hypogastrie 
plexus 

Superior reetal 
artery and 
plexus 

Hypogastrie 
nerves 

Saeral 
splanehnie 
nerves 


(sympathetie) 


Inferior 
hypogastrie 
(pelvie) 
plexus 


Reetal 

plexus 


/V-Í5. 


nerve 


Pelvie 

splanehnie 

nerves 

(parasym- 

pathetie) 


Inferior anal 
(reetal) nerve 


Reetal/Pelvie Nerves 













mesenterie, hypogastrie, pelvie, and reetal 
plexuses 

■ Postganglionie íibers from eells in inferior 
mesenterie ganglia to reetal smooth muscle 

Somatomotor to external anal sphineter 
from S2-S4 spinal nerves via pelvie and reetal 
plexus 

• Sensory fìbers 

■ Segmental viseeral afferents travel baek paral- 
lel to sympathetie fìbers, through inferior mes- 
enterie plexus and splanehnie nerves. 

■ Segmental cutaneous and somatie afferents 
travel through pelvie plexus to S3 and S4 
ganglia. 


VESSELS AND LYMPHATICS 

Arterial 



• Inferior mesenterie branehes 

■ Superior reetal (hemorrhoidal) artery: pro- 
vides blood to upper rectum 

• Internal iliae branehes 

■ Middle and inferior reetal (hemorrhoidal) 
arteries provide blood to middle and lower 
rectum. 

■ Inferior vesieal artery branehes ean contribute 
to reetal anastomoses. 

Venous Drainage 

• Submucosal venous plexus eonneets with exter- 
nal reetal venous plexus mnning in adventitia. 

• Reetal venous plexuses have eonneetions to 
portal and eaval venous drainage systems and 
are basis for formation of hemorrhoids (e.g., with 
portal hypertension in liver disease). 
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Posterior view 


Sigmoid arteries 


Reetosigmoid 
arteries 


Inferior reetal artery 


Inferior mesenterie artery 


Siiperior reetal 
artery (bifurcation) 


Median saeral artery 


Internal iliae 



Internal 

pudendal 

artery 


Middle reetal 
artery 


Anoreetal Arteries 






Anterior view 

Communication 
between internal 
and perimuscular 
reetal plexuses 


Inferior mesenterie 
vein (to portal vein 
via splenie vein) 
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vern 



Superior reetal vein 
(bifurcation) 


Internal iliae 


Middle reetal 


Internal 

pudendal 

vein 


Inferior 
reetal vein 


Internal 
reetal plexus 

External 
reetal plexus 


Communication between 
internal and external 
venous plexuses 


Anoreetal Veins 
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• Portal venous system tributaries (left side) 

■ Inferior mesenterie branehes: reetal (hemor- 
rhoidal) venous plexus drainage, down to 
dentate line 

• Internal iliae vein tributaries 

■ External reetal (hemorrhoidal) venous plex- 
uses, below dentate line 

Lymphatie Drainage 

• Parallels arterial supply 

• Upper rectum drains along inferior mesenterie 
artery branehes into periaortie nodes. 

• Middle and lower rectum drain along internal 
iliae branehes into pelvie and (eventually) peri- 
aortie nodes. 

CLINICAL CORRELATES 

Hemorrhoids 

• Internal hemorrhoids: most eommon loeations 
are left lateral, right anterior, right posterior 

• External hemorrhoids: proper treatment involves 
excision, not ineision and elot expression 

Anoreetal Abseess 

• Most eommonly believed to be of cryptoglandu- 
lar origin 

• Abseess starts in an infeeted anal gland. 

• Begins at dentate line and terminates within 
intersphineterie spaee 

• Infeetion ean remain within this spaee or hstu- 
lize into isehioreetal, supralevator, or perineal 
spaees. 

• Most eommon fistrilas extend into isehioreetal 
spaee, with inflamed area in ghiteal region. 



Common 
iliae 
nodes 


Internal 


mae 

nodes 


External 


mae 

nodes 



Superficial 
inguina 
nodes 


Inferior 

mesenterie 

nodes 


Left eolie 
nodes 

Superior 
reetal 
nodes 



Perineal lymph 
vessels (drain 
largely to 
inguinal nodes) 


Anoreetal Lymphaties 
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• Drainage ean leave a íìstulous eonneetion 
between anal eanal and skin. 

• Grohn’s disease patients have a higher rate of 
abseesses than general population. 

Anal Fissure 

• Small tear in the anoderm 

• Typieally on posterior midline, but may be 
anterior 

• Assoeiated with passage of large or hard stool or 
diarrhea 

• Might heal on its own or require medieal or 
surgical management 

Colonic isehemia 

• Results from disease or mesenterie artery emboli 

• Rectum typieally is spared owing to internal iliae 
source of middle and inferior reetal (hemor- 
rhoidal) arteries and anastomoses. 

Reetal Cancer 

Colorectol Cancer 

• About 130,000 eases diagnosed in Amerieans 
per year 

Adenoeareinoma 

• Most eommon type 

• Ulcerative: most eommon, eentral depression 
with raised edges 

• Polypoid, large, as deseribed in eolon 

• Annular: apple eore appearanee on eontrast 
study, assoeiated with obstmetion 

• Diffusely inhltrating 

■ Thiekening of bowel wall 

■ Gan be flat 



Right (aseending) eolon 




o- 


Liquid feeal 
stream 
passes 
lesion 


Chronic low- 
grade bleeding 
may lead to anemia 


Lesions of right 
eolon often asymp- 
tomatie, or "silent," 
until disease is in 
advaneed stage 



Obstruction uncommon 
because of large lumen 
and liquid feeal 
eontents 


Solid 

stool 


Change in bowel / ,_0- / 
habits may be > 
first symptom 
of left eolon 

f 

lesions 

Paradoxical 
diarrhea 


V 



Bleeding diluted 
by feees results in 
normal-appearing 
but guaiac-positive 
stool 
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Tenesmus 
and urgency 




( Cramping pain 


Constipation 
and obstruction 


Bleeding 


Stool may 
be blood 
eovered 
or mixed 
with blood 



Cancer of left eolon 
and rectum frequently 
causes bleeding and 
bowel obstruction due to solid feees 


dinieal Manifestations of Colorectal Cancer 




Anoreetal Diseases 
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Anoreetal Diseases 


■ Diffusely infìltrating disease diffìcult to 
diagnose 

■ Gan spread to external sphineter layer of 
rectum and anal eanal 

Prognosis 

Reetal and reetosigmoid eaneers have lower cure 
rates eompared with tumors elsewhere in eolon. 
Reetal eaneers ean metastasize to spine owing 
to direet (valveless) reetal eonneetions to Bate- 
son’s presaeral venous plexus. 

Treatment 

Good oneologie reseetion requires total meso- 
reetal excision for mid-reetal and distal tumors. 
Proximal ligation of inferior mesenterie vessels, 
distal to the left eolie 



Pelvie Fractures 


ANATOMY OF 
THE PELVIC SKELETON 

Coxal Bones (Os Coxae; 2) 

llium: Ports ond Londmarks 

• Grest, ala (wing), fossa (of false pelvis), articular 
surfaces 

• Posterior superior iliae spine (at posterior part 
of articular surface) 

• Iliae tuberosity: posterior saeroiliae ligament 
insertion 

• Anterior superior iliae spine (ASIS): sartorms, 
inguinal ligament insertions 

• Anterior inferior iliae spine (AIIS): rectus 
femoris, tensor faseiae latae, iliofemoral liga- 
ment (hip joint capsule) insertions 

• Greater seiatie noteh: seiatie nerve, piriformis 
muscle, pudendal neurovascular bundle exit here 

• Ilium often used for eortieal and cancellous bone 
grafts 

lschium: Ports ond Londmarks 

• Isehial spine: sacrospinous (SS) ligament 
insertion 

• Body 

• Isehial tuberosity: sacrotuberous (ST) ligament, 
hamstring insertions 

• Isehial ramus: fuses with pubic ramus to form 
medial rim of obturator foramen 
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lliolumbar ligament 



Posterior superior 
spine 

Posterior 
saeroiliae 
igaments 

Greater seiatie 
foramen 


Lesser seiatie 
foramen 


isehial 

tuberosity 


Anterior 
longitudinal 
igament 


Posterior view 



lliae fossa 
Anterior superior 


mae spine 


Sacrotuberous 
igament 

Sacrospinous 
igament 


Anterior view 



Superior pubic ramus 


Inferior pubic ramus 


Pubic tubercle 


Bony Pelvis and Ligaments 







Pubis: Parts and Landmarks 

• Tubercle: medial attaehment of inguinal liga- 
ment (external oblique aponeurosis) 

• Superior public ramus: peeten pubis (peetineal 
line), along inner superior ridge 

• Symphysis: midline fibrous joint of superior 
pubic rami 

• Inferior pubic ramus 

• Areh: formed by inferior pubic and isehial rami 

• Acetabulum formed by portions of all three 
bones 

■ Parts: articular surface, noteh, limbus (margin) 

■ Should fuse by age ~20 years 

• Arcuate line: medial ridge mnning from ilium 
(near superior saeroiliae joint) to peeten pubis 

• Linea terminalis 

■ Bony upper border of the true pelvis, lower 
border of false pelvis 

■ Saeral promontory to iliopeetineal line: 
arcuate line + peetineal line 

Sacrum 

• Parts and landmarks: ala, saeroiliae articular 
surfaces, lumbosacral articular (dise) surface, 
promontory, fused bodies (5), anterior and pos- 
terior foramina, coccyx (~4 segments) 

• Saeral eanal: continuation of vertebral eanal 
with meninges and roots of spinal eord 

• Posterior: median and lateral saeral erests, supe- 
rior articular faeet (to L5 inferior faeet), saeral 
hiatus (end of saeral eanal, ref. for caudal 
anesthesia) 

• Posterior and anterior saeroeoeeygeal ligaments 
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Pelvie Joints 

• Saeroiliae (SI) 

■ Synovial joints with minimal movement 

■ Posterior pelvis stability, weight-bearing 
Pubic symphysis: anterior pelvis 

• Goxal 

■ Ilium, ischium, and pubis interseet in acetabu- 
lar fossa. 

■ Typieally fused by age 20 years 


Pelvie Ligaments 

• Saeroiliae 

■ Anterior and posterior (more extensive) 

■ Support SI joints 

Sacrotuberous; lower border of lesser seiatie 
foramen 

Sacrospinous: lower border of greater seiatie 
foramen, anterior to coccygeus fibers 

• Anterior longitudinal 

■ Runs on anterior aspeet of vertebral bodies 
onto saemrn 

■ Prevents hyperextension of hmibar spine 

• Supraspinous and interspinous 

■ Run between vertebral spines and onto median 
saeral erest 

■ Prevent hyperflexion of himbar spine 


NEUROVASCULAR SUPPLY 

Nerves of the Pelvis 

Hilton’s law: nerves supplying a joint also inner- 
vate nmseles aeting aeross it, as well as skin over 
distal insertions of those rmiseles 



Seiatie nerve: anterior rami of L4, L5 (himbosa- 

eral trnnk), S1-S4, eolleet as trunk and pass out 

of greater seiatie foramen 

• Saeral plexus 

■ Portions of anterior rami of S1-S4 supply 
pelvie floor muscles and regional sensation. 

■ Seiatie nerve motor and sensory to majority of 
lower limb 

■ Parasympathetie preganglionie fibers from 
S2-4 lateral column neurons to viseera (pelvie 
splanehnies; nervi erigentes) 

■ Sympathetie fibers from inferior mesenterie 
ganglion to pelvie viseera via hypogastrie nerves 
and hypogastrie plexus, rimning anterior to 
saeral bodies; also, contributions from saeral 
ganglia 

• Pudendal nerve (S2-S4, saeral plexus 

braneh) 

■ Motor to perineum and pudenda 

■ Sensory to perineum and pudenda 

• Obturator nerve 

■ Traverses lateral wall of lesser pelvis, exits 
through obturator foramen 

■ L2-L4 supply to thigh adductors 


Arteries of the Pelvis 

• Gommon iliae arteries and their internal and 
external iliae branehes supply bones and viseera 
within the pelvie eavity. 

• Gommon iliae branehes: internal, external, 
middle saeral 

• External iliae branehes: inferior epigastrie, deep 
circumflex iliae arteries 
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lliolumbar 
artery 


Common 

iliae 

arteries 


Internal iliae artery 


Lateral 

saeral 

arteries 



Internal 
pudendal 
artery 


External iliae 


Obturator artery 


Arteries and Veins of Pelvis 


• Internal iliae branehes 

■ Posterior: iliolumbar, lateral saeral, and supe- 
rior gluteal arteries 

■ Anterior: umbilical, superior vesieal, obtura- 
tor, inferior vesieal, prostatie or uterine/ 







vaginal, internal pudendal, middle reetal, and 
inferior gluteal arteries 

• Internal pudendal artery 

■ Passes out through greater seiatie foramen, 
around isehial spine, into lesser seiatie 
foramen 

■ Trauma ean eompromise perineal and eaver- 
nosal supply. 

Venous Drainage 

• Pelvie walls and viseera drain largely into 
branehes of internal and external iliae veins 
(eaval venoiis retnrn). 

• Viseeral plexuses intereonneet. 

■ Vesieal, uterine/vaginal or prostatie, reetal 

■ Drain mainly into internal iliae veins 

• Reetal plexus blood also drains into inferior mes- 
enterie vein via superior reetal vein ( portal 
venous return). 

• Lateral and middle saeral veins drain into inter- 
nal and eommon iliae veins, respeetively (ante- 
rior saeral region). 

• Iliolumbar veins drain into eommon iliae veins 
(iliae fossa region). 

• Deep circumflex iliae and inferior epigastrie 
veins drain into external iliae (anterior greater 
pelvis region). 

GLINIGAL OORRELATES 

Pelvie Fractures 

Meehonisms 

• High-energy foree 

■ Lateral more eommon, as in motor vehiele 
aeeidents 
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■ Other injuries may be life-threatening, requir- 
ing emergeney treatment. 

■ About 50% mortality with open fracture and 
GI or genitourinary injuries 

■ Intaet posterior saeroiliae ligament key to 
stability 

• Minor trauma 

■ Fall, with osteoporosis 

■ Single ramus fracture, stable 

• Stable avulsion fracture 

■ ASIS: sartorius tendon avulsion 

■ AIIS: rectus femoris tendon avulsion 

■ Isehial tuberosity: hamstring tendon avulsion 

Assoeiated ln\uries 

• Open wounds 

• Massive bleeding with internal blood loss 
(symptoms: flank swelling, eeehymoses) 

• Bleeding from pelvie venous plexuses: vesicular, 
prostatie, vaginal, uterine, reetal 

• Urethral, reetal, or vaginal injuries 

• Anterior fractures: venous bleeding more likely 

• Posterior fractures: arterial bleeding more 
likely 

Young and Burgess dassifieation 

• Anterior and posterior eompression (APG) 

■ I: Saeral eompression, rami fractures; stable 

■ II: Rami fractures, posterior saeroiliae liga- 
ment dismption; stable 

■ III: Gomplete dismption of saeroiliae joint, 
pubic symphysis; unstable 

• Lateral eompression (LG) 

■ I: Saeral eompression with rami fractures 




Anteroposterior Compression Anteroposterior Compression 

Type I (APC-I) Type II (APC-II) 



Anteroposterior Compression 
Type III (APC-111) 



Lateral Compression Lateral Compression 

Type I (LC-I) Type II (LC-II) 



Type 111 (LC-111) Vertieal shear 


dassifieation of Pelvie Fractures (Young and Burgess) 
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Pelvie Fractures 


AvuIsions 

Avnlsion of anterior 
superior iliae spine due 
to pu11 of sartorius 
muscle 



Fracture of iliae wing 

These fractures usually not displaeed 
or minimally displaeed and generally 
require only limitation of aetivity unti 
pain eeases 


Avulsion of isehial 

tuberosity due to 

pu11 of hamstring muscles 


Avulsion of anterior 
inferior iliae spine 
due to pull of rectus 
femoris muscle 




Fracture of one pubic or isehial ramus 


N 



Isolated fracture of one pubic or isehial ramus requires only bed rest 
until pain diminishes, followed by limited aetivity for 4-5 weeks, 

provided there is no viseeral or vascular injury 

r , Fracture 

,-Fractures of sacrum-s , 

,— of coccyx 






t - 


Fracture usually re- 
quires no treatment 


mpaeted transverse Saeral lamineetomy 
fracture that is minimally and bone grafts from 
displaeed is most eom- ilium used for sharply other than eare in 
mon type. Conservative angulated fractures sitting; inflatable ring 
treatment sufficient un- with nerve injury 
less there is nerve injury 


helpfuI. Pain may 
persist for long time 


Fraetiires of Pelvis without Disnjptions of Pelvie Ring 







■ LG-II: Ramus fracture, posterior SI ligament 
dismpted, stable 

■ III: II + eontralateral APG-III, unstable 

• Vertieal shear 

■ Anterior and posterior pelvie displaeement 
inj ury 

■ Vertieally unstable 

Acetabular Fractures 

• Typieally from extreme foree transmitted by 
femoral head (e.g., motor vehiele aeeident) 

• May be assoeiated with life-threatening injuries: 
stabilize airway, breathing, heart, and other 
trauma 



Representative fixation for both-column fracture with 

assoeiated iliae wing fractures 

Acetabular Fracture Fixation 


Pelvie Fractures 
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Forceful frontal impaet causes 
anteroposterior eompression 
of pelvis 


Fracture of pubic bone 
or rupture of pubic 
symphysis with wide 
anterior separation of 
pelvis and disruption of 
pelvie ring. One or both 
saeroiliae joints often 
subluxated 





Applieation of erossover slings with 
enough weight to rotate halves of 
pelvis medially and anteriorly, thus 
bringing them together. Reduction 
maintained for 3-4 weeks 


Spiea east, 
which permits 
walking, then 
worn for 4-6 
weeks 


Anterior Posterior Compression Fracture 






Judet-Letournel Clossificotion 

• 5 elementary patterns of aeetabiilar fractures: 
anterior wall, posterior wall, anterior column, 
posterior column, transverse 

• Assoeiated fractures may include more than one 
type. 


Pelvie Fractures 
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Prostate Diseases 


BASIG ANATOMY 

Prostate Proper 

• Largest aeeessory gland of the male genital 
traet 

• Partly glandular, partly fibromuscular 

• Glandular growth and maturation eontrolled by 
testosterone, which is eonverted to dihydrotes- 
tosterone (DHT) by 5-alpha reductase 

• Peri-urethral transition zone of the parenehyma: 
<10% of the stroma 

• Peripheral zone of the gland: -70% of the normal 
gland 

• Smooth musculature of the prostate: part of the 
invohmtary sphineter of the bladder 

• Normal: walnut sized, -20 g 

• 5 “traditional” lobes 

■ Anterior (isthnms): largely muscular, sphine- 
terie (see later) 

■ Middle: lies between urethra and ejaculatory 
ducts 

■ Posterior (inferoposterior): posterior to 
urethra and ejaculatory ducts, palpable (see 
later) 

■ Left and right lateral: form the majority of the 
prostate 

• Middle lobe: most eommon site of benign pros- 
tatie hyperplasia (BPH), proeess arising in the 
permrethral transitional zone 
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colliculus 


Sphineter 
urethrae 
muscle 


Sagittal seetion 


Prostatie 
utricle 
Opening of 

ejaculatory 

duct 


Internal 

urethral 

sphineter 


Frontal seetion, 
anterior view of 
bulbous portion 
of spongy urethra 
sehematieally 
extended 


Bulbourethral (Cowper's) gland 


Ampulla 
of ductus 
deferens 


Beginning 
of ejaculatory 
duct 


Prostate 




Seminal 

vesiele 


Posterior view 


Pelvie Cavity, Bladder, and Prostate 






Anatomieal parts: base, apex, four surfaces 

■ Base: vesicular surface, related to the base of 
the bladder 

■ Apex: inferior point, related to superior faseia 
of the urogenital diaphragm 

■ Anterior surface: retropubic, with largely 
transverse musculature, forms a rhabdo- 
sphineter (hemisphineter) 

■ Posterior surface: triangular, rests on ampulla 
of the rectum, palpable 

■ Inferolateral surfaces: resting on levator ani 
muscles and faseia 

Siipported anteriorly by pnboprostatie liga- 
ments , eentral portions of the pubococcygeus, 
part of the levator ani rmiseles (anterior pelvie 
diaphragm) 

• Snpported inferiorly by the urogenital dia- 
phragm (transversus perinei muscle and faseia), 
through which the urethra passes 

• Bulbourethral (Gowper’s) glands 

■ Lie inferior and adjaeent to the prostatie apex, 
within the urogenital diaphragm 

■ Provide mucus seeretion for penile urethra 

Prostatie Capsule(s) 

Prostatie (trne) eapsnle : thin, dense, hbrous 
eonneetive tissue enelosing parenehyma and 
surrounded by— 

False eapsnle: prostatie sheath , derived from 
inferior, endopelvie faseia 

■ Sheath is continuous inferiorly with superior 
faseia of urogenital diaphragm. 

■ Posterior sheath is part of the reetovesieal 
septum. 
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Prostatie venous plexus lies between prostatie 
capsule and surrounding sheath. 


Prostatie Ducts and Llrethra 

Multiple small prostatie ductules penetrate wall 
of prostatie urethra. 

Seminal eollieiiliis (verumontanum) in poste- 
rior urethral wall marks loeation of paired ejacu- 
latory ducts draining ductus deferens and 
seminal vesieles. 

Prostatie utriculus: small midline invagination in 
dome of colliculus, marks remnant of embryonie 
male paramesonephrie (miillerian) ducts (“niale 
uterus”) 


Prostatie Innervation 

Bilateral nerves of the prostate eome from saeral 
(inferior hypogastrie) nerve plexus lying between 
saemrn and rectum. 

Fibers to and from the prostate travel in postero- 
lateral neurovascular bundles with nervi 
erigentes (responsible for ereetion-related func- 
tions) and prostatie arteries. 

Pelvie parasympathetie efferents travel in pelvie 
splanehnie hbers (S2-S4, nervi erigentes) 
through pelvie plexus. 

Sympathetie postganglionie fibers eome from 
inferior mesenterie ganglion via hypogastrie and 
inferior hypogastrie plexuses. 

Sensory fibers from gland and capsule travel 
with nervi erigentes through pelvie plexus to 
saeral (S2-S4) spinal ganglia. 
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Prostatie plexus 
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nerves 

(parasympathetie) 


Nerves of Pelvie Viseera 
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Deep dorsal vein 
and dorsal 
artery of penis 



Internal iliae vessels 


Prostatie branehes of 
nferior vesieal artery 


* ■ ite. 

4. 

y\' 

1 

■ ' V r 

11 Myl I 





/T 


— >; 


Inferior vesieal 
artery 

Internal 
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Arterial supply of prostate 

(Frontal seetion, anterior view of 
speeimen with benign hyperplasia) 

Arteries and Veins of Pelvis, Male 
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VESSELS AND LYMPHATICS 

Arterial Supply 

• Prostatie arteries derive variably from internal 
iliae circulation bilaterally, including branehes 







of inferior vesieal, inferior reetal, and internal 
pudendal arteries. 

Approaeh prostate posteriorly, adjaeent to nervi 
erigentes (neurovascular bundles) and prostatie 
nerve plexus in floor of pelvis 


Venous Drainage 

• Prostatie venous plexus lies around sides and 
anterior aspeet of gland, between prostatie 
capsule and its surrounding prostatie sheath 
(faseia). 

• Plexus drains into internal iliae veins via pros- 
tatie or inferior vesieal branehes. 

• Plexus also drains posteriorly into vertebral 
venous plexuses (route for metastases). 


Lymphaties 

Lymphaties of prostate drain into internal iliae 
and obturator (pelvie) nodes. 

Pelvie lymph nodes drain up into aortie ehain of 
nodes. 


GLINIGAL GORRELATES 

Prostate Speeifie Antigen (PSA) 

• Normal patient, PSA < 4.0 ng/mL 

• PSA inereases seen in prostatitis, BPH, 
prostatie eareinoma, ehronie eatheterization 
(nonspeeifie) 

• Prostate eaneer may be deteeted when PSA 
surpasses 4.0 ng/mL: need for regular testing 
inereases in at-risk men. 
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Preaortie 

node 


External iliae nodes 


Pathway along 
inferior vesieal 
vessels to internal 
iliae nodes 
(prineipal 
pathway) 


Promontorial 

node 


Internal 

iliae 

nodes 


Pathway 
over bladder 
to external 
iliae nodes 


Lymphatie 

drainage 

from 

prostate 


Prevesieal plexus and 
pathway (broken line) 
to external iliae nodes 


Pathway alongside 
rectum to (middle 
and lateral) saeral 
nodes 

Pathway (broken line ) from 
lower prostate and 
membranous urethra along 
internal pudendal vessels 
(beneath pelvie diaphragm) 
to internal iliae nodes 


Lymphaties of Prostate 





• Should retiirn to undetectable level after prosta- 
teetomy, unless signifieant metastases exist 

Benign Prostatie Hyperplasia (BPH) 

Diognosis 

• Typieally begins in transitional zone surround- 
ing urethra 

Presenting symptoms (typieal) are difficulty 
with urination: hesitaney, deerease in foree, 
intermitteney, inereased frequency, nocturia, 
urinary retention 

• Gradual onset, possible history of urinary traet 
infeetions (UTIs) 

• Digital reetal exam (DRE) might demonstrate 
palpable enlargement. 

• PSA level should be measured, although it is not 
speeifie. 

Treotment 

Treatment deeisions are based on level of diffi- 
culty experienced by the patient (goal-direeted 
therapy). 

• Medieal treatment is first-line therapy: alpha 
bloekers, 5-alpha reductase inhibitors (e.g., 
finasteride). 

• Transurethral prostateetomy (TURP) 

■ Gold standard 

■ Indieated for recurrent UTIs, stones, gross 
hematuria, renal insufficiency, medieal treat- 
ment failrire 

• Open prostateetomy 

■ Typieally through a lower midline abdominal 
ineision 

■ May be indieated for a patient with a particu- 
larly large prostate 
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Aspeets of TURP 

• Post-TURP syndrome 

■ Hyponatremia seeondary to irrigation 

■ Gan preeipitate seizures and eerebral edema 

Carcinoma of the Prostate 

• Most eommon male solid organ eaneer in the 
U.S., currently the seeond most eommon cause 
of eaneer mortality, with adenoeareinoma the 
most eommon type 

• It manifests in different ways. 

■ Indolent course: asymptomatie, sometimes only 
diseovered postmortem or on indieated testing 

■ Aggressive course: extracapsular spread with 
metastases and threat of early death 

• The majority of men with low-grade prostate 
eaneer have no symptoms. 

• Most eommon site of primary eareinoma: poste- 
rior lobe 

• Most eommon site of distal metastasis: bone, 
with osteoblastie lesions showing inereased 
density on GT and radiograph 

• Inereases in serum alkaline phosphatase seen 
with extracapsular eareinoma and metastases 

Stoging ond Treatment 

• Tumor/node/metastasis (TNM) system used 

• Gleason seoring system: additional seoring (1-5) 
from well-differentiated (least aggressive) to 
poorly differentiated (most aggressive) 

• Transreetal ultrasonography (TRUS) ean provide 
an accurate image of the gland and guide needle 
biopsies. 

• GT ean provide evidenee of prostatie pathoanat- 
omy, lymphadenopathy, and metastases. 
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Transurethral Prostateetomy 
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Carcinoma 


Rectum 



Extension of eareinoma 
into bladder, peritoneum, 
and reetal wall 


Prostatie Carcinoma 


Optimal treatment for loealized prostate eaneer 
remains eontroversial. 

Intracapsular tumors, no metastases (on T1 and 
T2 MRI): irradiation, radieal prostateetomy with 
pelvie lymph node excision, or no treatment 
depending on age, speeifies 
Extracapsular tumors with metastases 
■ Hormonal treatment with luteinizing hormone- 
releasing hormone bloeker or testosterone 
bloekers, potential orehieetomy 





Retropubic approaeh 
ean initiate bleeding 
from pudendal plexus 


Seetion results in 
loss of ereetion 


Line of seetion to 
maintain ereetion 

Cavernous nerve 


LJrinary ineontinenee ean 
resiilt from damage to 
intrinsie urethral sphineter 


Bladder neek 
reconstruction 


After prostate 
is removed, 
bladder neek 
is reeon- 
structed and 
anastomosed 
to urethra 


Postoperative 

appearanee 


U reth ra 


JOHN A.CRAIC— 'AD 


"ì 


Retropubic 
approaeh 


Retro- 

pubic 


Perineal 


jl Perineal 

approaeh 

Either perineal or retropubic 
aproaeh used to gain aeeess 
to prostate 


Radieal prostateetomy 
removes entire 
prostate, seminal 
vesieles, and 
periprostatie tissue 


Voluntary ereetile function is 
lost if neurovascular bundle 
seetioned proximal 
to branehing of 
eorporal nerves 


Neurovascular 

bundle 


Radieal Prostateetomy 
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■ Irradiation for pain of bony metastases, ehe- 
motherapy for hormone-resistant disease 

• “ehemieal eastration”: luteinizing hormone- 
releasing hormone (LHRH) antagonists suppress 
testosterone production in androgen-dependent 
tumors 

• LHRH antagonists are also ealled GnRH 
antagonists (gonadotropin releasing hormone 
bloekers). 

• Alternatives or eomplements to prostateetomy: 
x-ray or partiele beam therapy, braehytherapy 
(implanted radiation sources), and eryotherapy 

Surgical Approaehes in Prostateetomy 

• Retropubic approaeh to radieal (eomplete) pros- 
tateetomy: preferred for giving aeeess to pelvie 
lymph nodes; venous bleeding risk 

• Perineal approaeh to radieal prostateetomy: 
requires seeond ineision or laparoseopy for 
lymphadeneetomy 



Uterus and 
Adnexal Diseases 


ANATOMY OF THE UTERUS, 

ADNEXA, AND VAGINA 

Uterus 

• Derived from fusion of paired embryonie 
paramesonephrie (miillerian) ducts: basis for 
divided, asymmetrieal, or bifid (didelphie) 
uteruses 

• Endometrium: highly vascular and glandular 
uterine lining; thiekness or state varies with 
menstmal eyele 

• Myometrium: dense, fibrous eonneetive tissue 
and smooth muscle, derived from embryonie 
splanehnie mesoderm 

• Mesometrium: peritoneal eovering of the uterus, 
continuous with peritoneum of broad, trans- 
verse (eardinal), uterosacral, and suspensory 
(infundibulopelvic) ligaments 

• Fundus: dome superior to uterine tube orifiees 

• Body: superior 2/3 

• Cervix: inferior 1/3; inferior aspeet opens into 
vagina 

• Isthrmis: surface narrowing marking transition 
from body to cervix 

• Uterine ostia: internal orifiees of uterine tubes 

• Uterine eavity: typieally eonieal, apex down 
when not gravid 

• Internal os: superior opening of eervieal eanal 

• External os: inferior opening of eervieal eanal 




Uterus and Adnexal Diseases 
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Position of the Uterus and Pouches 

Typieal, nongravid position: body anteflexed, 
lies against bladder 

Cervix between rectum and inferior bladder 
Nongravid uterus is thus anteverted relative 
to the vaginal eanal and anteflexed on its own 
axis. 







• Rectouterine pouch (of Douglas): posterior, pre- 
reetal peritoneal reeess 

• Vesicouterine pouch: anterior peritoneal reeess 
between bladder and uterine fundus; also 
uterovesical 

LJterine (Fallopian) Tubes (Ducts) 

• Fimbriae: fringe around infundibular orifiee 

• Infundibulum: initial, funnel-like seetion proxi- 
mal to fimbriae 

• Ampulla: middle, wide portion proximal to 
infundibulum 

• Isthnms: narrower portion approaehing uterine 
wall 

• Uterine portion: tube within uterine wall 

Ovaries 

• Normally almond-shaped and -sized 

• Lie laterally and posterior to the broad ligament, 
attaehed near its upper borders via a peritoneal 
mesovarium 

• Attaehed to body of uterus via ovarian ligaments 
mnning within broad ligament 

• Gontain follieles embedded in germinal epithe- 
lium and stroma 

■ Primary, seeondary and mature (Graafian) 
ovarian folbeles 

■ Corpus luteum (postovulatory folliele of 
current eyele) 

■ Gorpus albieans (sear of degenerated corpus 
luteum) 

• Gramilosa eells surround an ooeyte in its 
folliele. 

• Theea interna and externa eells enelose the 
mass of granulosa eells and ovum. 
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• Interna layer differentiates into theea lutein 
eells of corpus luteum, which seerete estradiol. 

• Vascularized stroma surrounds follieles. 

• Thin surface epithelium (tunica albuginea) of 
fusiform eells in eonneetive tissue 

• Originally smooth surface epithelium beeomes 
progressively searred by ovulation. 

Vagina 

• Fibromuscular tube extending from cervix to 
vestibule between labia minora 

• Vestibrile includes vaginal and urethral orifiees 
and greater vestibular gland openings. 

• Forniees: (anterior, posterior, lateral) reeesses 
in the superior vagina, surrounding the cervix 

• Lower portion typieally eollapsed, with H-shaped 
eross-seetion, anterior and posterior walls in 
eontaet 

• Urethra runs just superficial to middle of inferior 
anterior vaginal wall. 


VESSELS 

Arterial 



Uterus and adnexa supplied bilaterally (on left 
and right sides) by three major anastomotie 
arteries, superior to inferior 

■ Ovarian arteries: paired, from abdominal 
aorta, branehes originate inferomedial to renal 
arteries, deseend to pelvis in peritonealized 
suspensory (infundibulopelvic) ligaments of 
ovaries along with nerves and veins 

■ Uterine arteries (from internal iliaes): paired, 
travel medially from pelvie wall, within eardi- 
nal ligaments, at about the level of the cervix 



Right paramedian seetion: lateral view 
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■ Vaginal (from internal iliaes): travel medially 
from pelvie walls, at level of inferior vesieal or 
internal pudendal artery branehes 

• Uterine arteries eross over ureters, elose to 
cervix: risk of ureter damage or ligation in 
surgery; u water” (urine) “under the bridge” 
(uterine artery) 

• Vagina supplied by named vaginal and internal 
pudendal branehes of internal iliaes 

Venous Drainage 

• Uterus and adnexa drained by major veins that 
travel parallel to eorresponding arteries 

• Uterine, ovarian, and vaginal veins intereonneet 
in an extensive bilateral uterine plexus mnning 
within proximal broad ligaments. 

Ovorion Veins 

• Right ovary drains to right inferior vena eava and 
left ovary to left renal vein. 

• Veins aseend in pelvis and abdomen, traveling 
with nerves and arteries within suspensory 
ligaments. 

ilterine Veins 

• Drain on right and left into internal iliae 
veins 

• Travel laterally to pelvie wall, within eardinal 
ligaments, at about the level of the cervix 

Voginol Veins 

• Drain on right and left into internal iliae veins 

• Travel laterally to pelvie wall, at level of inferior 
vesieal or internal pudendal vein tributaries 



Preaortie lymph 
nodes 
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Lymph Vessels and Nodes of Pelvis and Genitalia 
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Lymphatie Drainage 

• Uterine lymphaties drain in nmltiple 
direetions. 

• Ovarian, uterine fundus, and body lymphaties 
drain upward along ovarian vessels to nodes 
around lumbar aorta and vena eava. 

• Vessels from around the uterine tube junctions 
drain along the round ligament into superfìcial 
inguinal nodes. 

• Body and some of the cervix also drain to exter- 
nal iliae nodes along vessels within the broad 
ligament. 

• Gervieal lymphatie vessels also drain to external 
and internal iliae and saeral nodes. 

GLINIGAL CORRELATES 

Pelvis and Acute Abdomen 

• Diseases of uterus and adnexa ean manifest as 
acute abdomen, with pain loealized inferiorly. 

Llterine Fibromas 

• Leiomyomas: fìrm, benign tumors of myometrial 
smooth muscle, a.k.a. fibroids 

• Most eommon benign tumor in women 

• Prevalenee: 30% of all women; 40%-50% of 
women >50 years 

• Risk faetors: early menarehe, nulliparity; 4-10x 
inerease in Afriean-Ameriean women 

• Growth stinmlated by estrogen, eontraeeptives, 
epidermal growth faetor 

Ovarian Cysts 

• Typieally arise from ovarian eomponents: fol- 
licular eysts, luteal eysts, ovarian capsule 
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Low-lying 

cecum 




Distended 

bladder 


Simple serous eyst 
(Serous eystoma) 


Appendieeal 
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Pregnaney, 
hydramnios, 
hydatid mole, 
hematometra, 
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Differential Diagnosis of Ovarian Cysts 




Ovarian eysts usually small, asymptomatie, 
often benign (>90%) 

Diagnosis may be difíìcult, with many eonditions 
manifesting as lower abdominopelvie masses. 



Endometriosis 


Endometriosis 

Benign foei of endometrial tissue progressively 
developing in pelvis—ovary, rectouterine pouch, 
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uterine ligaments, tubes—or elsewhere in 
peritoneum 

• Prevalenee of endometriosis: ~5%-10% of women; 
~30%-50% of infertile patients 

• Gauses are imiltifaetorial: genetie, menstmal 
backflow with spread of eells through tubes, vas- 
cular or lymphatie dissemination, or metaplasia 
of peritoneal epithelium. 

• Risk faetors: eervieal or vaginal outflow obstme- 
tion, structural abnormalities 

Cancer 

ilterine Endometrial Carcinoma 

• Most eommon female reproductive traet 
malignaney 

• Risk faetors: obesity and inereased estrogen syn- 
thesis, estrogen replaeement therapy without 
progestin, breast or eolon eaneer, early men- 
arehe or late menopause, diabetes, ehronie 
anovulation 

Cervical Carcinoma 

• Squamous eareinomas: ~85%-90% of eases 

• Adenoeareinomas: ~10%-15% of eases 

• About 12,000 eases and -4000 deaths in 2005 
in U.S. 

• Risk faetors: early sexual aetivity, multiple part- 
ners, human papillomavims infeetion, smoking, 
Afriean-Ameriean ethnieity 

• Peak age range: 40-60 years 

Ovarian Tumors and Cancer 

• Origins of tumor tissues 

■ Surface epithehmn/stroma: 65%-70%; 85%-90% 
of all malignaneies 
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■ Germ eell: 15%-10% 

■ Sex-cord stroma: 5%-10% 

Risk faetors: age, high-fat diet, family history, 
early menarehe and late menopause, white eth- 
nieity, high soeioeeonomie status 
Age of occurrence or diseovery 

■ Benign tumors, 20-29 years 

■ Malignant tumors, 50% occur in women >50 
years 
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Peetoral Girdle 
Fractures 


ANATOMY OF 

THE PEGTORAL GIRDLE 

Clavicle 

• Parts and landmarks: sternal end/faeet, impres- 
sion for costoclavicular ligament, shaft (body), 
eonoid tubercle, trapezoid line, subclavian 
groove, aeromial end/faeet 

Scapula 

• Parts: glenoid fossa (eavity) supraglenoid 
tubercle, infraglenoid tubercle, neek, eoraeoid 
proeess, suprascapular noteh, superior border, 
superior angle, medial border, inferior angle, 
lateral border, subscapular fossa, spine, aero- 
mion, supraspinous fossa, infraspinous fossa 

Peetoral Girdle and Shoulder Joints 

• Sternoclavicular joint 

■ Synovial, with articular dise (dual axes of 
movement) 

■ Extremely strong: only joint attaehing upper- 
limb girdle to the axial skeleton 

• Aeromioelavietilar (AG) joint 

■ Synovial, gliding/plane 

■ Supported by acromioclavicular ligament 

■ Aets as a pivot point to inerease range of arm 
motion (raise arm over head) 
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Aeromion Coracoid proeess 
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Glenohumeral joint (also eovered in Chapter 21, 

Humerus Fractures) 

■ Synovial, ball and soeket with labmm 

■ Basis for upper limb positioning and transmis- 
sion of forees to peetoral girdle 

■ Involved in glenoid fractures (intraarticular) 

■ Bieeps (long) tendon inserts on supraglenoid 
tubercle 

■ Trieeps (long) tendon inserts on infraglenoid 
tubercle 

Ligaments 

• Coracoclavicular ligament 

■ Very strong, two-part 

■ Shares forees between elaviele and scapula 
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■ Trapezoid: nearly horizontal, attaehes to eonoid 
tubercle and superior surface of eoraeoid 

■ Gonoid: nearly vertieal inverted triangle, 
attaehes to eoraeoid root 

■ Parts may be separated by bursa. 

■ Base for supporting scapula and upper limb on 
the clavicular “strut” 

• Acromioclavicular bgament: strengthens AG 
joint superiorly 

• Goraeoaeromial ligament: limits superior dis- 
plaeement of humeral head 

• Gostoclavicular ligament 

■ Strong 

■ Attaehes near head of elaviele to lst eostal 
eartilage 

■ Reinforees sternoclavicular joint, prevents dis- 
plaeement of elaviele 

NEUROVASCULAR SUPPLY 

Arterial Supply 

• Subclavian artery provides numerous branehes, 
forming anastomoses around the scapula, gleno- 
humeral joint, and proximal humerus. 

■ Dorsal scapular artery 

± Runs from base of neek along vertebral 
border of scapula 

± Anastomoses with medial suprascapular 
branehes 

■ Suprascapular artery 

* From mid-subclavian to scapula above 
transverse scapular ligament, above supra- 
scapular noteh 

± Has supraspinous and infraspinous branehes 
to respeetive fossae 
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■ Axillary artery 

* Thoraeoaeromial artery 
± Posterior humeral circumflex artery (in 
quadrangular spaee) 

± Subscapular artery, circumflex scapular 
braneh; anastomoses with dorsal scapular 
and suprascapular branehes 

Venous Drainage 

• Veins of peetoral and scapular regions run paral- 
lel to the subclavian and axillary arteries and 
their major branehes: valved, arterial counter- 
pulsation effeet pumps blood. 

• Superficial tributaries 

■ Gephalie vein: travels superficial to bieeps to 
empty into axillary vein 

■ Basilie vein: from superficial forearm and 
distal arm, empties into axillary vein 

• Deep tributaries 

■ Axillary vein 

a Braehial vein 

• Axillary vein eontimies into subclavian vein. 

• Axillary vein lies superficial to axillary sheath 
and parts of braehial plexus. 

• Dorsal scapular veins drain into scapular eir- 
cumílex, subscapular (axillary) tributaries, and 
dorsal scapular suprascapular (subclavian) 
tributaries. 

Nerves 

Braehial Plexus 

• Vital nerves for upper bmb pass deep to 
elaviele. 



• Roots 

■ G5-T1 anterior rami, arise in the neek at the 
levels of their vertebral foramina 

■ Supraclavicular level 

• Trnnks 

■ Superior (G5, G6), middle (G7), inferior 
(G8-T1) arise from union of roots 

■ Supraclavicular level 

■ Nerve to subclavius: off superior trunk 

■ Suprascapular nerve: to supraspinatus and 
infraspinatus; off superior trunk 

• Divisions 

■ Anterior and posterior portions of eaeh trunk 

■ Clavicular level: at risk in medial fractures 

• Gords: infraclavicular level 

■ Lateral: anterior divisions of superior and 
middle trnnks 

■ Medial: anterior divisions of inferior trunk 

■ Posterior: posterior divisions only of all 3 tmnks 

• Terminal nerve branehes: infraclavicular level 

• See Ghapter 21, Humerus Fractures, for more 
information 

CLINIGAL CORRELATES 

Scapula Fractures 

• Uncommon, <1% of all fractures 

• Typieally assoeiated with other injuries 

• Historieally treated with elosed reduction, with 
poor results with displaeement 

• Types: aeromial, eoraeoid 

• Glenoid fractures (Ideberg types) 

■ Type I: anterior avulsion 

■ Type II: transverse/oblique through glenoid, 
inferior exit 
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Fractures of lateral third of elaviele 



Type I. Fracture with 
no disriiption of 
ligaments and 
therefore no 
displaeement. 



Type II. Fracture with 
tear of coracoclavicular 
ligament and upward 
displaeement of medial 
fragment. Requires open 
repair. 


Type III. Fracture 
through aeromio- 
clavicular joint; no 
displaeement. Often 
missed and may 
later cause painfuI 
osteoarthritis 
requiring reseetion 
arthroplasty. 



Fracture of middle third of elaviele (most 
eommon). Medial fragment displaeed 
upward by pull of sternoeleidomastoid 
muscle; lateral fragment displaeed 
downward by weight of shoulder. 
Fractures occur most often in ehildren. 



Anteroposterior radiograph. Fracture 
of middle third 
of elaviele 



Fracture of middle third of elaviele best 
treated with snug figure-of-8 bandage or 
elaviele harness for 3 weeks or until pain 
subsides. Bandage or harness must be 
tightened oeeasionally because it loosens 
with wear. 


Healed fracture of 
elaviele. Even with 
proper treatment, small 
ump may remain. 


Clavicular Fractures 



■ Type III: oblique through glenoid, superior exit 

■ Type IV: transverse fracture through scapular 
body 

■ Type V: types II + IV 

daviele Fractures 

• Typieally result from a direet fall onto the 
shoulder 

• Most eommonly involve the middle third 

• Typieally stable and tend to heal well with low 
risk of non-union 

• High-energy injuries and open fractures more 
eommonly assoeiated with non-union and neu- 
rovascular injury (e.g., to subclavian artery or 
braehial plexus) 
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Humerus Fractures 


ANATOMY OF THE HUMERUS 

Humerus 

• Parts and landmarks: head, greater tubercle (tube- 
rosity), lesser tubercle, intertubercular sulcus 
(bieipital groove), anatomieal neek, surgical neek, 
deltoid tuberosity, radial groove, medial supra- 
eondylar ridge and epieondyle, lateral supracon- 
dylar ridge and epieondyle, troehlea, capitulum 

Glenohumeral Joint 

• Shallow, synovial ball-and-soeket joint 

• Supported by musculotendinous rotator cuff, 
eomposed of subscapularis, supraspinatus, infra- 
spinatus, and teres minor bbers and tendons 

• Fibrocartilaginous glenoid labmm effeetively 
deepens glenoid fossa. 

• Gomplex subdeltoid and subacromial bursae ean 
communicate (pathologieally) with joint eavity. 

• Long tendon of bieeps (long head) passes in a 
synovial tunnel through the superior joint 
capsule to a supraglenoid tubercle insertion. 

Elbow Joint 

• Distal humerus ean be viewed as having diverg- 
ing medial and lateral eohimns, with function- 
ally independent joints. 

■ Troehlea 

a Termination of medial column 
a Articulates with ulna: flexion and extension 
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■ Gapitulum 

* Termination of lateral column 
± Articulates with radius: rotation 

• See also a Elbow Joint” in Ghapter 22, Forearm 
Fractures 

Compartments of the Arm 

• Upper arm 

■ Fateral (deltoid, abductor): axillary nerve 

■ Anterior (bieeps, flexor): musculocutaneous 
nerve 

■ Posterior (trieeps, extensor): radial nerve 

• Fower arm: anterior (bieeps) and posterior 
(trieeps) 

• External investing braehial faseia is relatively 


tough. 


Braehial plexus and its nerves lie medially, 
between superior anterior and posterior 
eompartments. 


VESSELS AND NERVES 

Arterial 



• Subclavian artery provides numerous branehes, 
forming anastomoses around scapula, glenohu- 
meral joint, and proximal humerus. 

■ Dorsal scapular artery runs from base of neek 
along vertebral border of scapula. 

■ Suprascapular artery 

* From mid-subclavian to scapula above 
transverse scapular ligament, above supra- 
scapular noteh 

± Has supraspinous and infraspinous branehes 
to respeetive fossae 
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■ Axillary artery (continuation into axilla) 

* Anterior humeral circumflex 
± Posterior humeral circumflex 

* Subscapular artery, circumflex scapular 
branehes: anastomotie with dorsal scapular 
and suprascapular branehes of subclavian 

± Braehial artery: continuation of main vessel 
into the distal arm and cubital region; 
branehes: deep braehial (profunda braehii), 
radial artery, ulnar artery, eollaterals 

Veins of the Arm 

• Deep veins run parallel to axillary and braehial 
arteries and their major branehes, often twin 
veins beside arterial branehes. 

• Valved: arterial counterpulsation effeet pumps 
blood heartward 

• Deep and superficial drainages eonneet. 

• Superficial tributaries 

■ Gephalie vein: from lateral forearm, travels 
superficial to bieeps to empty into axillary 
vein 

■ Basilie vein: from superficial forearm and 
distal arm; empties into axillary vein 

• Deep tributaries: axillary vein, braehial vein 

• Axillary vein continues into subclavian vein. 

• Axillary vein lies superficial to axillary sheath 
and parts of braehial plexus. 

Nerves of the Arm 

• Hilton’s Law: nerves supplying a joint also inner- 
vate muscles aeting aeross it, as well as skin over 
distal insertions of those rmiseles 
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AxiIlary a. 


Musculocutaneous n 


AxiIlary n. and posterior 
circumflex humeral a. 


Radial n. 


Median n. 


Medial 
cutaneous 
n. of forearm 


Braehial 

plexus 



Lateral 
peetoral n. 


Arm: Braehial Plexus 


Broehiol Plexus 

• Roots 

■ Anterior rami of C5, G6, G7, G8, T1 

■ Supraclavicular, in neek 

• Trnnks 

■ Superior (G5+G6), middle (G7), inferior (G7+T1) 

■ Supraclavicular, in neek 













• Divisions 

■ Anterior (flexor) and posterior (extensor) from 
eaeh trnnk 

■ Glavicular level 

• Gords: named by position around the axillary 
artery (2nd part) 

■ Lateral: anterior divisions of superior and 
middle trnnks 

■ Medial: anterior divisions of inferior trunk 

■ Posterior: posterior divisions only of all 3 
trnnks 

• Gords and terminal nerve branehes of braehial 
plexus lie anteromedial to glenohumeral joint in 
axilla. 

• Musculocutaneous nerve: leaves lateral eord 
immediately to enter eoraeobraehialis, then 
travel distally deep to bieeps 

• Lateral and medial peetoral nerves: from lateral 
and medial eords, respeetively 

• Radial nerve (posterior eord): tightly applied to 
posterior and lateral humerus in radial groove, 
deep to medial head of trieeps 

• Disloeation or proximal fractures ean damage 
eords, axillary, or radial nerves. 

GLINIGAL GORRELATES 

Compartment Syndrome 

• Displaeed supracondylar humeral fracture: most 
eommon cause of upper limb eompartment 
syndrome 

Humerus Fractures 

• Glassified by loeation, 3 general types 
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Humerus Fractures 


Supraspinatus m. 


Rotator interval 






ì i 

. * ■Vs 



A. 


B. 

C. 


pyP 

Transverse fracture of 
midshaft 
Oblique (spiral) fracture 
Comminuted fracture with 
marked angulation 




Lesser 

tuberosity 



Anatomie neek 


Greater 
tuberosity 

Surgical 

neek 
Long tendon 

of bieeps 

braehii m. 


Subscapularis m. 

Neer four-part elassifieation of 
fractures of proximal humerus. 

1. Articular fragment (humeral head). 

2. Lesser tuberosity. 3. Greater 
tuberosity. 4. Shaft. If no fragments 
displaeed, fracture eonsidered stable 
(most eommon) and treated with 
minimal external immobilization and 
early range-of-motion exercise. 



Displaeed fracture of greater tuberosity surgieally repaired using 
wires through small drill holes and suturing cuff tears. Small 
fragment may be excised and supraspinatus tendon reattaehed 



Fractures of the Humerus 







2 Part 

Anatomieal neek 


3 Part 


4 Part 



Surgical neek 



Greater tuberosity 



Lesser tuberosity 



Greater tuberosity 




Greater 
and lesser 
tuberosity 


Lesser tuberosity 




á 


C> 
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Neer Classification of Proximal Humerus Fractures 




Humerus Fractures 
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Proximal Humerus Fractures 

• Gommon injuries 

■ In elderly persons with osteoporosis, following 
a fall 

■ In younger persons, with high-energy impaet 

• May be assoeiated with disloeations of humeral 
head 

• Gan involve humeral head, greater tuberosity, 
lesser tuberosity, and shaft 

• Fracture patterns ean be elassified (Neer) by 
number of parts displaeed >1 cm or angulated 

>45° 

• Proximal fractures and disloeations risk injury 
to axillary nerve, passing through quadrangular 
spaee at surgical neek of humerus. 

• Two-part fractures, involving anatomieal neek 
above tuberosities, split head and risk avascular 
neerosis from dismpted supply. 

Humeral Shaft Fractures 

• Typieally result from direet trauma, falls, pene- 
trating wounds, vehicular aeeidents 

• Neurovascular assessment neeessary: radial 
nerve injury ean result from primary injury or 
manipulation 

• Compartment syndromes ean easily occur. 

Distal Humerus Fractures 

• Supracondylar 

■ Extraarticular, through metaphysis 

■ Rare in adults 

■ Meehanism extension (>80%) or flexion 

■ Imaging should be studied for intereondylar 
extension. 



• Transeondylar 

■ Primarily occur in elderly persons with 
osteopenia, with or without intereondylar 
extension 

■ Most eommon distal humerus fracture in 
adults 

■ May be displaeed owing to muscle pulls 

Gondylar; very rare in adults, more eommonly 

lateral (involving capitulum) 

Supracondylar fracture treatment 

■ Open reduction with internal fixation 
preferred 

■ Glosed reduction in ehildren 
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Forearm Fractures 


ANATOMY OF THE FOREARM 

Ulna 

• Parts and landmarks: oleeranon, troehlear 
noteh, eoronoid proeess, shaft, anterior border, 
styloid proeess 

• Gylindrieal long bone; oleeranon palpable sub- 
cutaneously at elbow joint; (medial) styloid 
proeess distal 

• Bears major forees transmitted aeross elbow joint 

Radius 

• Parts and landmarks: head, neek, radial tuberos- 
ity, shaft, styloid proeess, earpal articular fossa, 
seaphoid fossa, lunate fossa, ulnar noteh 

• Gylindrieal long bone with head in elbow joint; 
(lateral) styloid proeess distal 

• Radioearpal joint has articular dise that articu- 
lates with earpals and ulnar styloid proeess. 

• Bears major forees transmitted aeross wrist joint 

Elbow Joint 

• Gompound joint involving humeral-radial, 
humeral-ulnar, and proximal radioulnar joints 

■ Medial: troehlea of humerus with troehlear 
noteh of the ulna 

■ Median: proximal radioulnar joint 

■ Lateral: capitulum of humerus with head of 
radius 
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Right radius and ulna in 
supination: anterior view 


Right radius and ulna in 
pronation: anterior view 


Radial 

tuberosity 


lnterosseous 
membrane 


Styloid 

proeess 


Ulna 



Oleeranon 

Troehlear 
noteh 
Coronoid 
proeess 


Radius 


lnterosseous 
membrane 

lnterosseous 

border 


Styloid 
proeess 
of ulna 



Ulnar 

tuberosity 


Forearm Bones 


Ulnar (medial) eollateral ligament: from medial 
epieondyle of humerus to (1) eoronoid proeess 
and (2) medial oleeranon 

Annular ligament passes around radial neek, sta- 
bilizing it via insertions into the ulna 
Lateral (radial) eollateral ligament passes from 
lateral epieondyle (humerus) to anmilar 
ligament. 









• Large fìbroiis joint capsule underlies eollateral 
ligaments. 

Compartments of the Forearm 

• External investing antebraehial faseia is rela- 
tively tough and nonexpansile, with faseial septa 
between eompartments. 

• Proximal forearm 

■ Anterior (flexors, pronators) 

a Median nerve, to all flexors except 
flexor earpi ulnaris and 2 medial heads of 
ílexor digitomm superficialis (ulnar nerve 
supplied) 

a Anterior interosseus nerve (deep braneh 
median) innervates distal pronator quadra- 
tus and flexor pollieis longus. 

■ Interosseus membrane separates deep ante- 
rior and posterior eompartments. 

■ Posterior (extensor): radial nerve > deep radial 
and posterior interosseus nerves 

• Lower forearm: flexor digitomm superficialis 
and profundus tendons, flexor pollieis longus, 
pronator quadratus 

• Spaees around flexors digitomm tendons and 
sheaths communicate with hand spaees: pathway 
for forearm-hand eompartment syndrome. 

• Dorsal antebraehial spaees eomnmnieate with 
dorsal hand and digit spaees. 

VESSELS AND NERVES 

Arterial Supply of the Forearm 

• Braehial artery 

■ Typieally divides into main radial and ulnar 
artery branehes in cubital fossa 
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Forearm Fractures 


Radial a. and 
siiperfieial braneh 
of radial n. 


Radius 


Ulnar a. 
and median n. 

Superf ieial 
flexor muscles 


Deep 

flexor muscles 



Ulnar n 


Ulna and 

antebraehial 

faseia 


Ulnar a. and n 


Median n. 


Median n. 


Ulnar a. and n. 


Forearm: Serial Cross Seetions 





Deep Neurovascular Plane of the Forearm 


Radial artery 


Supinator 
muscle 


Pronator teres 
muscle (cut 
and refleeted ) 


Radial artery 



Ulnar artery 

Common 
interosseous 
artery 

Median 
nerve ( cut ) 

Ulnar nerve 

Flexor digitorum 
profundus muscle 

Anterior interosseous 
artery and nerve 


Forearm: Arteries and Nerves (Anterior View) 
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■ Ulnar typieally gives rise to eommon interos- 
seus artery, with its anterior and posterior 
interosseus branehes. 

• Anastomoses between upper (eollateral) and 
lower (recurrent) branehes preserve blood flow 
aeross elbow joint, with both anterior and pos- 
terior eonneetions from medial and lateral 
vessels. 

• Lateral anastomoses 

■ Anterior: radial eollateral braneh (profimda 
braehii) with radial recurrent braneh (radial) 

■ Posterior: middle eollateral braneh (profunda 
braehii) with recurrent interosseous braneh 
(typieally posterior interosseous) 

• Medial anastomoses 

■ Anterior: inferior ulnar eollateral (braehial) 
with anterior ulnar recurrent (ulnar) 

■ Posterior: superior ulnar eollateral (braehial) 
with posterior ulnar recurrent (ulnar) 

• Distally, main radial and ulnar arteries pass 
through deep anterior forearm laterally and 
medially (respeetively) to enter wrist and palm. 

Veins of the Forearm 

• Highly intereonneeted superficial and deep vein 
networks drain hand and forearm 

• Superficial venous network 

■ Originates in dorsal venous areh of hand 

■ Gephalie vein: distal, at lateral wrist, runs the 
length of upper limb to peetoral triangle 

■ Basilie vein: distal, at medial wrist, runs most 
of the length of upper limb to arm 

■ Highly individual patterns of intereonneetions 
between eephalie and basilie tributaries 



• Deep veins aeeompany eorresponding arteries: 
valved, arterial counterpulsation effeet pumps 
blood. 

■ Braehial vein 

± Aeeompanies braehial artery 

* Merges with basilie vein to form axillary 
vein 

* Tributaries: ulnar and radial veins aeeompa- 
nying artery branehes 

Nerves of the Forearm 

• Hilton’s law: nerves supplying a joint also inner- 
vate muscles aeting aeross it, as well as skin over 
distal insertions of those rmiseles 

Median Nerve (C6-T1) 

• Enters the forearm anteromedially at elbow and 
passes through pronator teres 

• Deep portion, anterior interosseus nerve, travels 
in neurovascular bundle along interosseus mem- 
brane to pronator quadratus. 

• Main portion travels along lateral border of 
ílexor digitomm profundus, passing under flexor 
retinaculum, entering palm via earpal tunnel. 

• Neurovascular plane of anterior forearm lies 
between flexors digitomm superficialis and 
profundus. 

Ulnar Nerve (C7-T1) 

• Passes posterior to medial epieondyle of 
humerus, within the cubital tunnel, to penetrate 
flexor earpi ulnaris near its origin 

• Passes distally in forearm in the neurovascular 
plane, along medial aspeet of flexor digitomm 
profundus 
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• Enters the palmar spaee by passing lateral to the 
flexor earpi ulnaris tendon and pisiform bone 

Radiol Nerve (C5-T1) 

• Passes anterior to lateral epieondyle of humerus 
after traversing radial groove of humerus 

• Posterior cutaneous nerve of forearm arises 
proximal to eondyle. 

• Superhcial radial nerve (sensory) travels on 
surface of supinator, deep to braehioradialis and 
tendon, and supplies area on dorsmn and emi- 
nenee of thumb and lateral baek of hand. 

• Main nerve enters posterior eompartment of 
forearm by penetrating supinator. 

• Deep radial nerve exits supinator and travels 
distally as posterior interosseous division. 

■ Proximal and distal deep branehes to distal 
extensor eompartment muscles 

CLINIGAL OORRELATES 

Antebraehial Compartment Syndrome 

• Distal radius, ulna, or earpal fractures and 
related tissue and vascular trauma ean lead to 
inereased eompartment pressure(s), swelling, 
pain, or paresthesias. 

• Anterior (volar) forearm is relatively prone 
to developing posttraumatic eompartment 
syndrome. 

• Gauses: fractures of supracondylar humerus, 
ulna, radius, wrist 

Elbow Disloeations 

• Often assoeiated with proximal ulna fractures 
involving eoronoid proeess or oleeranon 




Fracture of eoronoid proeess of 
ulna with posterior disloeation 
of elbow. Coronoid fracture 
may occur oeeasionally 
without disloeation. 

Posterior disloeation. 

Note prominenee of 
oleeranon posteriorly 
and distal humerus 
anteriorly. 





BH 




Lateral 

disloeation 

(uncommon) 



Divergent disloeation, 
anterior-posterior type (rare). 
Medial-lateral type may also 
occur (extremely rare). 


Medial disloeation 
(very rare) 


Anterior disloeation of radius 
and ulna with fracture of 
oleeranon. Reduced and fixed 
as for oleeranon fracture 
without disloeation. 



Posterior disloeation with 
fracture of both eoronoid 
proeess and radial head. 
Rare but serious; 
poor outcome even 
with good 
treatment. May 
require total 
elbow 

replaeement. 



Elbow Disloeation 
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Forearm Fractures 


Type 

head 


1 Monteggia fracture/dislocation with anterior disloeation of radial 
and anterior angulation of proximal or middle third ulna fracture 




Less eommon type 2 Monteggia fracture/dislocation 
with ulna fracture angulated posteriorly and radial 
head disloeated posteriorly 



Fracture of ulna treated with open reduction and internal fixation using eompres- 
sion plate and screws. After reduction of ulna r radial head spontaneously reduced 



Preoperative 
radiograph shows 
Type I Monteggia 
fracture/dislocation 



, /*• 

S with 

C.A. Luce 


Postoperative radiograph 
shows eompression plate 
in plaee 



Extensor earpi ulnaris m. 


Radius 

Supinator m. (ineised) 

nular ligament 
(sutured) 


Anconeus m. 

If radial head does 
not reduce after 
angulation of ulna is 
eorreeted, open 
reduction of radial 
head disloeation and 
repair of annular 
ligament are needed. 
Typieally, this is done 
through a separate ineision 
between the anconeus and 
extensor earpi ulnaris muscles 


Fractures of the lllnar Shaft 


















































Small ehip 
fracture of 
radial head 


Large fracture of 
radial head with 
displaeement 


Comminuted 
fractu re of 
radial head 


Fracture of radial 
neek, tilted and 
impaeted 




Excision of fragment or entire radial head 
via posterolateral ineision. Radial head 
may be replaeed with Swanson silieone 
implant in seleeted patients. 


Hematoma aspirated, and 20-30 mL 
of xylocaine injeeted to permit 
painless testing of joint mobility 


Elbow passively 
flexed. Bloeked 
flexion or 
crepitus 
indieation for 
excision of 
fragments or, 
oeeasionally, 
entire radial head 


Small fractures 
without limitation of 
flexion heal well after 
aspiration with only 
sling support. 



Comminuted 
fracture of radial 
head with 
disloeation of 
distal radioulnar 
joint, proximal 
migration of 
radius, and tear 
of interosseous 
membrane 
(Essex- 

Lopresti fracture) 



Fractures of Radial Head and Neek 
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Tuberosity of radius useful indieator of degree of pronation 
or supination of radius 

A. In fu11 supination, tuberosity direeted toward ulna 

B. In about 40° supination, tuberosity primarily posterior 

C. In neutral position, tuberosity direetly posterior 

D. In fu11 pronation, tuberosity direeted laterally 


Bieeps 
braehii m. 

Supinator m. 

n fractures of 
radius above 
insertion of 
pronator teres 
muscle, proximal 
fragment flexed and 
supinated by bieeps 
braehii and 
supinator rrmseles. 
Distal fragment 
pronated by 
pronator teres and 
pronator quadratus 
muscles. 



Pronator teres m. 


Pronator 
quadratus m. 


n fractures of 
middle or distal 
radius that are 
distal to insertion 
of pronator teres 
muscle, supinator 
and pronator teres 
muscles keep 
proximal fragment 
in neutral position. 
Distal fragment 
pronated by 
pronator quadratus 
muscle. 



Biomeehanies of Forearm Fracture 












• Radial head may be involved with eoronoid in 

posterior displaeements and fractures: open 

reduction and fixation is preferred treatment in 

adults. 

Ulna and Radius Fractures 

• Proximal 

■ Oleeranon: direet trauma or fall onto out- 
stretehed hand with trieeps eontraetion 

■ Radial head: direet trauma or fall with impae- 
tion of radial head into capitulum 

■ Assess neurovascular defieits with history and 
physieal exam. 

• Mid-forearm 

■ Diaphyseal fractures of ulna and radius often 
occur together, with forearm deformity 

■ Monteggia: mid-ulnar fracture with angulation 
and radial disloeation 

■ Galeazzi: radial diaphysis fracture with disrnp- 
tion of distal radioulnar joint 

■ Open reduction and fixation preferred treat- 
ment in adults, with Monteggia and Galeazzi 
“fractures of neeessity” 

• Distal 

■ Radms: Colles fraetnre , proximal to styloid 
proeess, with dorsal deviation of distal 
fragment(s) and wrist 


Forearm Fractures 
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Most eommonly results 
from fall on outstretched 
dorsiflexed hand 



Immediate prehospital eare: 
limb splinted, wrist elevated 
above level of heart on 
pillows or folded garment, 
iee paek applied 




Lateral view of eolles' fracture demonstrates eharaeteristie dinner 
fork deformity with dorsal and proximal displaeement of distal 
fragment. Note dorsal instead of normal volar slope of artienlar 
surface of distal radius. 



Dorsal view shows radial deviation of hand with ulnar 
prominenee of styloid proeess of ulna and deerease of reverse 
of normal radial slope of articular surface of distal radius. 


eolles' Distal Radial Fracture 













ANATOMY OF THE WRIST 
AND HAND 


Carpal Bones: Lateral to Medial 


• Proximal 

■ Seaphoid, limate, triquetrum, pisiform 

• Distal 

■ Trapezium, trapezoid, eapitate, hamate 



Numbered l/l (thumb) to V/5 (digiti minimi) 
• Parts: base, shaft, head 

Shafts triangular in eross seetion 

V/5 most eommonly fractured metaearpal 



• Proximal, middle, distal (3) in eaeh hnger 

• Proximal, distal (2) in thunib 

• Parts: base, shaft, tuberosity (in distal phalan- 
ges), head 

• Distal phalanx 3 eommon fracture 

Joints of Wrist and Hand 

• Radioearpal (RG) joint 

■ Synovial joint between distal radius and artie- 
ular dise (eoneave) and seaphoid, lunate, and 
triquetrum (convex) 

■ Allows movement around 2 axes: flexion/ 
extension, adduction/abduction (ulnar and 
radial deviation, respeetively) 
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Right 

hand: 

(palmar) 

view 



Seaphoid 

and 

Tubercle 


Trapezium 

and 

Tubercle 


Trapezoid 


Sesamoid 

bones 


Lunate 





.Triquetrum 
/^Pisiform 

-Capitate 

Hamate and 
V Hook 


> 


Carpal 

bones 


v 




7 







Tl'f' ii 


r 


Right hand: 

posterior 

(dorsal) 


< 


view 


Metaearpal ^ Base 
bones 


ProximaI 

phalanges 

Middle 
phalanges 


Base 

Shafts 

Head 



Base 
Shafts 
Head 


Distal 

phalanges 


< 


v 


Base 
Shafts 
Tuberosity 
. Head 



Carpal Bones 












Anterior (palmar) view 


Radius 

Radial 

styloid 

proeess 


Seaphoid 


Tubercle of 
seaphoid 



Ulna 

Ulnar 

styloid 

proeess 

Lunate 

Triquetrum 

Pisiform 


Bones of Wrist and Hand 


• Garpal joints 

■ Synovial joints between earpals 

■ Share eommon joint eavity 

■ Limited movement contributes to positioning 
of hand, grasp 

• Garpometaearpal (GM) joints 

■ Synovial, between distal row of earpal bones 
and 5 metaearpal bases 

■ Saddle joint between trapezmm and thumb 
metatarsal more mobile than others: flex/ 
extend, abduct/adduct, rotate, circumduct 

■ GM joints II-V 

a Synovial arthrodial/gliding 
a Range of movement inereases medially: 
metaearpal 5 greatest. 
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■ Joint capsules reinforeed by palmar and dorsal 
ligaments and medial and lateral eollateral 
ligaments 

• Metaearpophalangeal (MGP) joints 

■ Synovial eondylar 

■ Between metaearpal heads and proximal 
phalanges 

■ Joint capsules reinforeed by palmar ligaments 
and medial and lateral eollateral ligaments 

• Interphalangeal joints 

■ Synovial hinge 

■ Supported by palmar and medial, lateral eol- 
lateral ligaments 

Ligaments of Wrist and Hand 

• Supporting wrist (RG) joint: palmar radioearpal, 
palmar ulnocarpal, dorsal radioearpal ligaments 

• Flexor retinaculum (transverse earpal ligament) 
runs proximally between seaphoid (tubercle) 
and triquetrum and distally between trapezium 
(tubercle) and hamate (hook) and forms earpal 
tunnel. 

• Multiple small ligaments run between adjoining 
earpal bones on their palmar and dorsal sur- 
faees, reinforeing earpal joints. 

• Deep transverse metaearpal ligaments: palmar 
bands intereonneeting MGP palmar ligaments 

Wrist and Hand Compartments 

• Garpal tunnel 

■ Spaee between ílexor retinaculum and earpal 
bones 

■ Gontains flexors digitomm superíicialis and 
profundus tendons, sheaths, and median nerve 



Ulnar artery 
and nerve 


Flexor earpi 
ulnaris 
tendon 


Flexor 
digitorum 
superficialis 
tendons* 

Flexor 
digitorum 
profundus 
tendons* 


Flexor retinaculum (transverse 
earpal ligament) 


Median 

* 


Hamate 


Flexor pollieis 
longus tendon 
in tendon sheath* 


Flexor earpi 
radialis tendon 



Radial artery 


Trapezium 


Trapezoid 


Capitate 


*Contents of earpal tunnel 



Simple method of 
demonstrating 
arrangement of 
flexor digitorum 
superficialis tendons 
within earpal tunnel 


% 


Transverse Seetion of Wrist Demonstrating 

Carpal Tunnel 
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Thenar spaee 

(deep to flexor 
tendon and 1 st 
lumbrical muscle) 


Midpalmar spaee 

(deep to flexor 
tendons and 
lumbrical muscles) 


Common 
flexor sheath 
(ulnar bursa) 


Flexor 

digitorum 

superficialis 

tendons 


Flexor digitomm 
profundus tendons 



CAfa£/iad>- 

/— M7>. 


Midpalmar spaee 



Palmar aponeurosis 

Common palmar digita 
artery and nerve 

Lumbrical muscle 
in its faseial sheath 

Flexor tendons to 
5th digit in 
eommon flexor 
sheath (ulnar 
bursa)- 


Profundus and superfieialis 
flexor tendons to 3rd digit 

Septum betvveen midpalmar 
and thenar spaees 

Thenar spaee 


Flexor pollieis 
longus tendon 
in tendon 
sheath 

(radial bursa) 
Palmar interosseous faseia 


Bursae, Spaees, and Tendon Sheaths of Hand 





• Forearm spaees around flexor digitomm 
tendons communicate with hand spaees and 
are pathways for forearm-hand eompartment 
syndrome. 

• Mid-palmar spaee: between flexor digitomm 
tendons and metacarpals/interosseous muscles 

• Thenar spaee: between flexor pollieis tendon 
and adductor pollieis 

• Hypothenar eompartment: defined by hypothe- 
nar nnisele faseia (abductor, flexor brevis, oppo- 
nens digiti minimi) 

• Interosseous eompartment: defined by interos- 
seous muscle faseia and metaearpals 

• Ulnar bursa: eommon flexor tendon sheath mns 
from distal forearm through palm and into fifth 
digital tendon sheath (or more digits) 

• Radial bursa: tendon sheath around flexor pol- 
lieis longus travels into thumb 

• Dorsal antebraehial spaees communicate with 
dorsal hand and digit spaees, between extensor 
tendons and dorsal interossei. 

VESSELS AND NERVES 

Arterial Supply 

• Distal ulnar (medial) and radial (lateral) arteries 
contribute to anastomotie vascular arehes in the 
palmar spaees. 

• Anastomoses between arehes and other distal 
antebraehial branehes of ulnar and radial 
arteries 

Superficiol Polmor Areh 

• Terminal braneh of ulnar artery and superficial 
braneh of radial artery 


333 


Wrist and Hand Fractures 



334 


Wrist and Hand Fractures 


Radial artery 
Median nerve 
and palmar braneh 

Superficial palmar 
braneh of radial artery 

Recurrent (motor) braneh 
of median nerve to 
thenar muscles 


Proper digita 
nerves and 
arteries to thumb 


Proper palmar digita 
nerves and arteries 



Deep palmar (arterial) 
areh and deep braneh 
of ulnar nerve 

Prineeps 
pollieis artery 


Ulnar artery 
and nerve 


Superficia 
palmar 
(arterial) areh 


Common 
palmar digita 
nerves and 
arteries 



/_ A/.7> 



Radialis 
indieis artery 

Palmar 

metaearpal arteries 


Deep palmar braneh of 
ulnar artery and deep 
braneh of ulnar nerve 

Hook of hamate 

Deep palmar braneh 
of ulnar nerve to 3rd 
and 4th lumbrical, all 
interosseous, adductor 
pollieis, and deep 
head of flexor pollieis 
brevis muscles 


Communicating braneh of median 
nerve with ulnar nerve 


Wrist and Hand: Vessels and Nerves 







• Branehes 

■ Gommon palmar digital arteries (3) 

■ Bifurcate and form proper palmar digital arter- 
ies II-V 

■ Proper palmar digital artery V, medial side 
Deep Palmar Areh 

• Terminal braneh of radial artery and deep 
braneh of ulnar artery 

• Branehes 

■ Prineeps pollieis 
a Radialis indieis 

a Proper digital artery of thumb 

■ Palmar metaearpal arteries (3) 

Venous Drainage 

• Networks of superficial and deep veins 
intereonneet. 

• Deep veins run with major arterial branehes of 
palmar arehes and ulnar and radial arteries. 

• Superficial veins drain into venous network on 
dorsum of hand. 

• Gephalie vein originates from lateral side of 
dorsal venous network and passes into lateral 
forearm via anatomieal snuffbox. 

• Basilie vein originates from medial side of the 
dorsal venous network and passes into dorsome- 
dial forearm. 

Nerves 

Median Nerve 

• Enters palmar spaee via earpal tunnel 

• Intermingled with deep and superficial flexor 
digitomm tendons 
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• Recurrent braneh 

■ Arises in earpal tunnel 

■ Supplies thenar muscles 

• Gommon palmar digital nerves 

■ Innervate himbrieals 1 and 2 

■ Braneh into proper palmar digital nerves that 
run along sides of digits 1-3 and lateral aspeet 
of digit 4 

Ulnor Nerve 

• Enters palmar spaee by passing lateral to pisiform 
bone (Guyon’s eanal) and around hook of hamate 

• Deep braneh aeeompanies deep braneh of ulnar 
artery, penetrates and supplies hypothenar 
rmiseles, and arehes aeross palm to supply inter- 
ossei, 2 medial lumbricals, adductor pollieis, and 
articular branehes to wrist. 

• Superfìcial braneh 

■ Gives rise to eommon palmar digital nerve: 
innervates lumbricals 3 and 4 

■ Branehes into proper palmar digital nerves 
that run along sides of digit 5, medial aspeet 
of digit 4 

Radiol Nerve 

• Superficial braneh only part to run distally onto 
hand 

• Enters via anatomieal snuffbox 

• Sensory to lateral thenar eminenee and dorsum 
of hand to middle of digits 1-3 

OLINIGAL OORRELATES 

Compartment Syndrome 

• Distal radius, ulnar, or earpal fractures and 
related tissue and vascular trauma ean lead to 



Usually caused by fall on 
outstretched hand with 
impaet on thenar eminenee 

Lunate 


Triquetrum 
Pisiform 

Hamulus (hook) of hamate 


dinieal 
findings: 
pain, 

tenderness, 
and swelling 
in anatomieal 
snuffbox 


Capitate 

Seaphoid (fractured) 

Trapezoid 

Trapezium 


Fracture of middle 
third (waist) of 
seaphoid (most 
eommon) 





Less eommon fractures 


1 

f 


Tubercle Distal pole 


w> 

Vertieal 

shear 


Proximal 

pole 




Because nutrient arteries 
only enter distal half of 
seaphoid, fracture often 
resnlts in osteoneerosis 
of proximal fragment. 


Fracture of the Seaphoid 
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inereased eompartment pressure(s), swelling, 
pain, and paresthesias. 

• Garpal tunnel syndrome 

■ Median nerve eompressed with superfìcial and 
deep flexor tendons 

■ Flexor retinaculum release procedure may be 
indieated. 

• Posttraumatic or reperfusional trauma ean cause 
swollen hand from pressure in subcompart- 
ments (e.g., interossei, adductor pollieis). 

Seaphoid Fractures 

• Most eommon earpal fracture 

• Typieally caused by a fall on an outstretched 
hand, with weight on thenar eminenee 

• Fracture of the waist (mid 1/3) most eommon 

• Pain and swelling in anatomieal snuffbox is often 
seen. 

• Adequate healing depends on blood supply from 
palmar earpal braneh of radial artery. 

Metaearpal and Phalangeal Fractures 

• Phalangeal and metaearpal fractures are 
eommon. 

• Border digits are most eommonly involved. 

• Meehanisms include bending and torsion 
(eommon in sports). 

• Gmshing injuries often are assoeiated with 
complex soft tissue injuries. 

• 30%-50% open, more than half of these work 
related 



Mallet finger 



e. 


Usually caused by 
direet blow on 
extended distal 
phalanx, as in 
baseball, volleyball 


Degrees of mallet finger injury. A. Extensor tendon 
stretehed but not eompletely severed; mild finger drop 
and weak extensor ability retained. B. Tendon torn from its insertion. 

C. Bone fragment avulsed with tendon. In B and C there is 40-45° flexion 
deformity and loss of aetive extension. 



Avulsion of flexor 
digitomm profundus 
tendon 



Caused by violent traetion 
on flexed distal phalanx, as 
in eatehing on jersey of 
mnning football player 




Flexor digitomm profundus tendon may be 
torn direetly from distal phalanx or may avulse 
small or large bone fragment. Tendon usually 
retraets to about level of proximal 
interphalangeal joint, where it is stopped at its 
passage through flexor digitomm superficialis 
tendon; oeeasionally, it retraets into palm. 


Fracture of metaearpals 

Fractures of metaearpal 
neek eommonly result 
from end-on blow of / 
fist. Often ealled 

Jr 

street-fighter or 
boxer fractures. 



k 


ih- 



Transverse fractures of metaearpal 
shaft usually angulated dorsally 
by pull of interosseous mm. 

Stress test for ruptured medial (ulnar) 

eollateral lig. of thumb 
(gamekeeper thumb) 


\ 





ln fractures of metaearpal neek, volar 
cortex often comminuted, resulting 
in marked instability after reduction, 
which often neeessitates pinning 



Thumb injury other 
than fracture 


Adductor pollieis m 
and 

aponeurosis ( cut) 


I 


Ruptured medial eollateral lig. of 
metaearpophalangeal ioint of thumb 


Torn medial 
eollateral lig 


Finger lnjuries 
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Dorsal disloeation (most eommon) 
Usually reducible by elosed 
means, immobilized with 
palmar splint for 3 weeks, then aetive 
range-of-motion exercises begun 



Palmar disloeation (uncommon) 

Causes boutonnière deformity. Central slip of extensor 
tendon often torn, requiring open 
fixation, followed by dorsal 
splinting to allow passive and 
aetive exercises of distal interphalangeal joint. 

Rotational disloeation (rare) 

Note middle and distal phalanges seen in true lateral 
radiograph, proximal phalanx in 
oblique view. After reduction, 
treated as for dorsal disloeation. 






Dorsal disloeation of 

proximal interphalangeal 
joint with disruption of volar plate and eollateral ligament 
may result in swan-neck deformity and eompensatory 
flexion deformity of distal interphalangeal joint. 





Volar disloeation of middle phalanx with avulsion of eentral 
slip of extensor tendon, with or without bone fragment. 
Failure to reeognize and properly treat this eondition results 
in boutonnière deformity and severely restrieted function. 


Proximal Interphalangeal Joint Disloeations 
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ANATOMY OF THE HIP 
AND THIGH 

Femur 

• Parts and landmarks: head; fovea (for round 
ligament); neek; greater troehanter; lesser tro- 
ehanter; intertroehanterie line, erest, and fossa; 
peetineal line; gluteal tuberosity; linea aspera; 
shaft (body); popliteal surface; adductor tuber- 
ele; medial epieondyle; lateral epieondyle; 
medial eondyle; lateral eondyle; intereondylar 
fossa; patellar surface 

Coxal (Hip) Bones 

• Ilium, ischium, and pubis are fused in adults. 
(See Ghapter 17, Pelvie Fractures, for more bone 
information.) 

• Goxal bone epiphyseal plates interseet in the 
eenter of the acetabulum. 

• Acetabulum 

■ Peripheral lunate surface lined with hyaline 
eartilage 

■ Fat within eentral aeetabrilar fossa surfaced 
with synovial membrane 

Hip Joint 

• Synovial ball-and-soeket, deepened by circum- 
ferential, hbrocartilaginous acetabular labmrn 


344 


Hip and Thigh Fractures 



Anterior 
superior 
iliae spine 

Anterior 
inferior 


mae spine 


Anterior view 


intertroehanterie 


ine 


lliofemoral ligament 
(Y ligament of Bigelow) 

Pubofemoral ligament 


Posterior view 

isehiofemoral 


igament 


isehial 
spine 

isehial 

tuberosity 


Joint opened: lateral view 


Zona 
orbicularis 



Transverse 
acetabular ligament 


Neek 
of femur 

Ligament of 
head of femur 
( cut )- 


Acetabular labrum 
(fibrocartilaginous) 


Lunate (articular) 
surface of 
acetabulum 


Articular 

eartilage 


Head 
of femur 


Hip Joint and Ligaments 








Anterior vievv 

Greater 

troehanter ^Head 


Posterior view 




Shaft 

(body) 


Lateral 

epieondyle 


Neek 

Lesser 

troehanter 


intertroehanterie 

erest 




Linea aspera í Media ' ‘'P 

( Lateral lip 


Addiietor 

^^tubercle 


\ 


Medial 
epieondyle 



Femur 
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• Synovial membrane 

■ Runs from edges of acetabular hyaline 
eartilage 

■ Along inside of fibrous capsule 

■ Extends to distal neek and periphery of articu- 
lar eartilage of head 

• Round ligament (ligamentum teres) of head of 
femur 

■ Intraarticular, eovered by synovium 

■ Runs from fovea to transverse acetabular 
ligament 

• Transverse acetabular ligament: spans acetabu- 
lar noteh, extending rim for a eomplete soeket 

• (Gollateral) ligaments: spiraling thiekenings of 
fibrous joint capsule, passing from acetabular 
rim to intertroehanterie line or troehanters 

■ Iliofemoral (Bigelow): anterior-superior, Y- 
shaped, very strong, prevents hyperextension 
by screwing femoral head tightly into 
acetabulum 

■ Pubofemoral: anterior-inferior, prevents 

hyperabduction 

■ Isehiofemoral: posterior, weakest of three 

• Retinacula 

■ Retinacular fibers surround neek proximal to 
head, binding down nutrient arteries to head. 

■ Anatomieal basis for head isehemia with neek 
fracture 

Compartments of the Thigh 

• Gircumferential deep faseia of lower limbs 

■ Like strong elastie stoekings 

■ Limits expansion of muscles during eontrae- 
tion, important in upright gait 



Sartorius miisele 


Faseia lata 



Branehes of 
femoral nerve 


Femoral artery 
and vein 


Adductor 

longus 

muscle 


\ \ S-0 9 ... w 



Vastus lateralis 
muscle 


Seiatie nerve 


X 

\ 

\\ 


Gluteus maximus 
muscle 



■ / v 




Vastus medialis 
muscle 


Deep artery and vein of thigh 


Adductor magnus muscle 


Popliteal vein and artery 


Thigh: Serial Cross Seetions 
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Faseia lata: investing deep faseia of thigh 

■ Attaehes proximally to inguinal ligament, pubic 
rim, Searpa’s faseia, iliae erest, saemrn, coccyx, 
sacrotuberous ligament, isehial tuberosity 

■ Attaehes to exposed bone at knee and to ernral 
faseia 

■ Strengthened laterally by vertieal-mnning 
fibers of iliotibial traet, a eonjoint aponeurosis 
of gluteus maximus and tensor faseia lata 

Intermuscular septa separate groups of rmiseles 

in thigh. 

■ Septa attaeh to linea aspera and faseia lata. 

■ Lateral intermuscular septum strongest 

• Gluteal eompartment 

■ Primarily hip joint abductor and rotator 
muscles: gluteus maximus, medius, and 
mininms; piriformis, superior and inferior 
gemellus, quadratus femoris 

■ Vessels: superior and inferior ghiteal (internal 
iliae branehes) arteries and veins 

■ Nerves: superior and inferior gluteal nerves 
and branehes from seiatie roots, nerve to qua- 
dratus femoris 

• Anterior eompartment 

■ Hip flexor and knee extensor muscles: sarto- 
rius, rectus femoris; vastus lateralis, medialis, 
and intermedius (quadriceps femoris) 

■ Vessels: femoral and deep femoral arteries and 
veins 

■ Nerves: femoral nerve; posterior divisions of 
hrnibar plexus 

• Posterior eompartment 

■ Hip extensor and knee flexor nmseles: semiten- 
dinosus, semimembranosus, bieeps femoris 



■ Vessels: perforating branehes of deep femoral 
and popliteal arteries and veins 

■ Nerves: seiatie nerve, tibial and fìbular 
divisions 

• Medial eompartment 

■ Hip adductor muscles: adductor longus, brevis, 
miniimis, and magnus 

■ Vessels: branehes of obturator arteries and 
veins 

■ Nerves: obturator nerve, aeeessory obturator 
(when present), anterior division of lumbar 
plexus 

VESSELS AND NERVES 

Arterial Supply to the Thigh and Hip Joint 

• Femoral artery (continuation of external iliae 

supply) 

■ Primary source of blood for lower extremity 

■ Gives off deep femoral (profunda femoris) 
proximally to supply deep eompartments 

■ Travels anteriorly initially under sartorius (in 
subsartorial eanal; Hunter’s) 

■ Gontinues as popliteal artery after passing 
through hiatus of adductor magnus posteriorly 
into popliteal fossa 

• Femoral artery branehes 

■ Superhcial epigastrie artery 

■ Superhcial external pudendal artery 

■ Deep external pudendal artery 

■ Deep femoral (prohmda femoris) artery 
± Lateral femoral circumflex artery 

* Medial femoral circumflex artery 
± Perforating branehes 

■ Deseending genicular artery 
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External iliae artery 

Femoral artery 

Obturator artery 

Medial circumflex 
femoral artery 

Aseending braneh, 
Transverse braneh, 
Deseending braneh of 
Lateral circumflex 
femoral artery 

Profunda femoris 
(deep femoral) 
artery- 

Femoral artery 
Perforating branehes 


Femoral artery passing 
through adductor hiatus 


Popliteal artery ( phantom) 



Arteries of Thigh 









Retinacular 
arteries 


Superior 

Anterior 


Ì /Mueno 

Inferior 


Anterior view 


Medial 



Anastomosis 
between medial 
and lateral 
circumflex 
femoral 
arteries 


Aseending, 
Transverse, 
Deseending 
branehes of 
Lateral circumflex 
femoral artery 


circumflex 
femoral 
artery 


Profunda 

femoris 

(deep 

femoral) 

artery 


Acetabular 
braneh of 
obturator artery 
(often minute) 



Posterior view 


CoronaI seetion 


Acetabular 
labrum- 

Retinacular 
arteries 




Medial 
circumflex 
femoral artery 
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Acetabular 

braneh 

Obturator 

artery 


isehiofemoral 
ligament and 
joint capsule 


Anterior view in situ 


Medial circumflex 
femoral artery 


Lateral circumflex 
femoral artery 

Profunda femoris 
(deep femoral) 



lopsoas 
muscle 

Femoral 

artery 


r 

Medial 
circumflex 
femoral 
artery 


Arteries of Femoral Head 
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■ Popliteal artery (continues as posterior tibial 
artery of leg) 

Obturator artery (from internal iliae) 

■ Artery to head of femur 

Hip joint is supplied by anastomotie branehes of 
medial and lateral femoral circumflex and artery 
to head of femur (from obturator artery). 

Artery to head of femur runs along ligament of 
head; artery might contribute little blood to joint 
after adulthood. 

Immediate blood supply to hip joint provided by 
retinacular arteries, branehes of circumflex 
vessels 

Retinacular arteries from medial circumflex 
usually provide more blood and pass beneath 
unattached posterior border of joint capsule. 
Lateral circumflex retinacular arteries must pass 
through thiek iliofemoral ligament and are fewer 
and smaller than medial branehes. 

arise direetly 

from femoral artery proper. 

Veins of the Hip and Thigh 

• Run parallel to femoral artery and its major 
branehes: valved; arterial counterpulsation 
effeet pumps blood heartward 

• Femoral vein tributaries (external iliae drainage) 

■ Greater and lesser saphenous: superhcial 
drainage of thigh and leg 

■ Lateral circumílex: from hip joint 

■ Medial circumflex: from hip joint 

■ Deep femoral (profunda femoris) 

■ Distal femoral vein proper, drains popliteal 
vein (leg) 


Gircumflex arteries ean variably 




IV 

'il ,1N. 

/v . 


Greater seiatie foramen 

Seiatie nerve (L4, 5, S1, 2, 3) 

Posterior femoral 
cutaneous nerve 
(S1, 2, 3) 

Common fibuIar (peroneal) 
division of seiatie nerve 


Tibial division 
of seiatie nerve 

Semitendinosus 

musde 


Long head (cut) 
of bieeps femoris 
muscle 

Common fibiilar 
(peroneal) nerve 


Tibial nerve 


Posterior 
femoral 
cutaneous 
nerve 



Cutaneous 

innervation 


Seiatie Nerve 
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Nerves of the Hip and Thigh 

• Hilton’s law: nerves supplying a joint also inner- 
vate muscles aeting aeross it, as well as skin over 
distal insertions of those muscles 

• Seiatie nerve (L4-S1) 

■ Dominant nerve supply for lower extremity 

■ Runs posterior, medially in deep thigh, sepa- 
rated from femur by adductor magnus 

■ To posterior (extensor) eompartment of thigh 
(hamstrings) and eompartments in leg and foot 

■ Tibial (anterior) and fìbular (peroneal; poste- 
rior) divisions 

• Obturator nerve (L2-L4) 

■ To hip adductors 

• Femoral nerve (L2-L4) 

■ To hip flexors/knee extensors 

• Ghiteal nerves (L4-S1) 

■ To hip extensors, abductors, and rotators 

OLINIGAL CORRELATES 

Compartment Syndromes 

• Relatively rare because large volume is required 
to cause pathologieal inerease in tissue pressure 

• Gompartment faseia blends with deep faseia of 
muscles and ean allow extravasation of blood. 

• Predisposing faetors: vascular injury, severe 
blunt trauma to thigh, systemie hypotension, 
external eompression of thigh, coagulopathy, 
deep vein thrombosis 

Hip Fractures 

• Risk highest in older white women 

• Risk faetors inelride osteoporosis, inaetivity, smok- 
ing, dementia, and psyehotropie medieations. 





Type I. Impaeted fracture 


Type II. Nondisplaeed fracture 



Type III. Partially displaeed 


Anastomosis 








Type IV. Displaeed fracture. 
Vertieal fracture line generally 
suggests poorer prognosis. 


Artery of round ligament 
of femoral head 



Medial 

Lateral 



Circumflex femoral aa. 


Blood supply to femoral head ehiefly from medial 
circumflex femoral artery. Branehes traverse 
femoral neek and may be torn by fracture, resulting 
in osteoneerosis of femoral head. Artery of round 
igament usually insignifieant. 


Intracapsular Femoral Neek Fracture 
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Most fractures result from falls onto greater 
troehanter or from twisting injury of lower 
extremity. 

rate in elderly 

• Broad elassiíìeation into 2 types: femoral neek 
(intracapsular) and intertroehanterie fractures 

intraeapsiilar Fractures 

• May be eompression-type or tension-type 

• Tension-type typieally occur on superior 
neek, more eommonly in athletes or military 
trainees. 

• Gompression-type fractures typieally occur 
along inferior neek, more eommonly in elderly 
persons with osteoporosis. 

• Pathologieal bone lesions and metastases ean 
also cause fractures. 

• High risk of avascular neerosis of femoral head 
in intracapsular fractures, owing to damage to 
retinacular arteries mnning on the neek 

Shaft and Distal Femur Fractures 

Diaphyseal Fractures 

• Typieally occur with twisting injury in osteopo- 
rosis or with metastatie lesions 

• Usually treated surgically in adults 

• eiassified by loeation 

• Subtrochanteric fractures 

■ Begin below lesser troehanter but ean extend 
proximally into piriform fossa or intertroehan- 
terie region 

■ Region eontains cancellous bone with reduced 
vascularity; risk of delayed healing, faihire of 
fixation 


12%-36% 1-year mortality 



Shaft fraetiires 




High transverse Spiral 

or slightly oblique fracture 

fracture 



Comminuted 

fracture 


Distal fractures 



Segmental 

fracture 




Transverse 

supracondylar 

fracture 


intereondylar 

(TorY) 

fracture 


Comminuted 
fracture 
extending 
into shaft 


Fracture of 
single eondyle 

(may occur in 
frontal or 
oblique plane) 


Fractures of Shaft and Distal 


Femur 


357 


Hip and Thigh Fractures 



358 


Hip and Thigh Fractures 


Shaft fractures 

■ Spiral oblique or transverse 

■ Treatment guided by pattern, amount of eom- 
minution, assoeiated injuries 

■ Falls, vehiele aeeidents, and gunshot wounds 
ean cause vascular damage, eompartment syn- 
dromes, knee injuries, and axial fractures. 

■ Oeeasionally aeeompanied by femoral neek 
fracture 

Distal fractures 

■ Occur within 9 em of articular surface 

■ Gastrocnemius ean flex and posteriorly dis- 
plaee distal fragment. 

■ Extraarticular or intraarticular 

■ Intraarticular may be unicondylar or 
bieondylar 
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ANATOMY OF KNEE AND LEG 

Patella 

• Largest sesamoid bone, attaehed between quad- 
rieeps and patellar tendons 

• Patellar tendon attaehes to tibial tuberosity. 

• Inferior (deep) surface is hyaline eartilage that 
articulates with femoral eondyles as part of 
complex knee joint. 

Tibia 

• Parts and landmarks: intereondylar eminenee 
(plateau), lateral and medial intereondylar 
tubercles, lateral and medial eondyles, Gerdy’s 
tubercle (iliotibial traet insertion), tibial tuber- 
osity, anterior border; lateral, medial, and pos- 
terior surfaces; interosseus border, soleal line, 
fìbular noteh, medial malleolus, inferior articu- 
lar surface (for talus) 

Fibula 

• Parts and landmarks: apex, head, neek, interos- 
seus border, medial erest, posterior border, 
lateral malleohis, malleolar fossa 

Knee Joint(s) 

• Fibrous capsule provides relatively little support 
to complex knee joint. 

• Patellofemoral joint: synovial articulation 
between patella and femoral eondyles 
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Anterior view 

Intereondylar eminenee 
Lateral Medial 
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In extension: posterior view 


In flexion: anterior view 



Posterior 
cruciate lig 

Anterior 
cruciate lig 


Lateral 
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of femur 
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Lateral 

meniscus 


Posterior meniseo- 
femoral lig. 




Transverse lig. 


Medial 

eollateral 



Medial 

meniscus 


Knee Joint 


• Medial meniscus 

■ Articular fìbroeartilage between medial 
femoral and tibial eondyles 

■ More ereseent-shaped, attaehed to tibial eol- 
lateral ligament 

• Lateral meniscus 

■ Articular fibroeartilage between lateral femoral 
and tibial eondyles 

■ More circular 
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• Transverse meniseal ligament: between anterior 
aspeets of menisei; stabilizing 

• Posterior meniseofemoral ligament (of Hum- 
phrey): from posterior lateral meniscus to 
medial femoral eondyle; stabilizing 

• Anterior emeiate ligament (AGL): from postero- 
medial aspeet of lateral femoral eondyle to 
anteromedial tibial eminenee 

• Posterior emeiate ligament (PGL): from lateral 
aspeet of medial femoral eondyle to posterome- 
dial tibial eminenee 

• Tibial (medial) eollateral ligament 

■ Medial femoral epieondyle to medial tibia and 
medial meniscus 

■ Resists valgus angulation 

• Goronary ligament: stabilizes medial meniscus 

• Pes anserimis 

■ Distal tendons of sartorius, graeilis, and 
semitendinosus inserting on medial sub- 
eondylar tibia, superfìcial to eollateral 
ligaments 

■ Resists valgus angulation 

• Lateral (fibular) eollateral ligament 

■ Lateral supracondylar femur to fibular head 

■ Resists vams angulation 

Compartments of the Leg 

• Gmral faseia 

■ Tough, nonexpansible, deep faseial sheath sur- 
rounds leg eompartments, attaehed to the tibia 
anteriorly 

■ Gontinuous with faseia lata above knee 

■ Fuses with deep intermuscular septa sur- 
rounding eompartments 



Deep faseia of leg 
(crural faseia) 


lnterosseous membrane 


Anterior eompartment 

Extensor muscles 

Anterior 
intermuscular 
septum 

Lateral 

eompartment 

Fibula 



Deep faseia of 
leg (crural faseia) 


Tibia 



Deep posterior 
eompartment 

Deep flexor 
rrmseles 

Transverse 
intermuscular 
septum 

Superficial 

posterior 

eompartment 

Superficial 
flexor muscles 


Cross seetion just above middle of leg 



Deep faseia of leg 
(crural faseia) 


Soleus muscle 

Gastrocnemius 

muscle 


Anterior tibial artery 
and veins and deep 
fibular (peroneal) nerve 

lnterosseous 
membrane 


Fibular 
(peroneal) 
artery 
and veins 


Posterior 
tibial artery 
and veins 
and tibial 
nerve 


Leg: Cross Seetion and Compartments 
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• Anterior eompartment 

■ Ankle/foot (plantar) extensor muscles: tibialis 
anterior, extensor digitomm longus, extensor 
hallucis longus, peroneus (fibularis) tertius 
(when it exists) 

■ Vessels: anterior tibial artery and vein 

■ Nerve: deep fibular (peroneal) 

• Superficial posterior eompartment 

■ Iínee and ankle/foot (plantar) flexor muscles: 
gastroenemms and soleus (trieeps surae), 
plantaris, tibialis posterior, flexor digitomm 
longus (fibular) branehes 

■ Vessels: posterior tibial and fibular (peroneal) 
arteries and veins 

■ Nerve: tibial 

• Deep posterior eompartment 

■ Knee and ankle/foot (plantar) flexor muscles: 
popliteus, tibialis posterior, flexor digitomm 
longus, flexor hallucis longus 

■ Vessels: posterior tibial and fibular (peroneal) 
arteries and veins 

■ Nerve: tibial 

• Lateral eompartment 

■ Evertors of ankle and foot: peroneus (fibularis) 
longus and brevis 

■ Vessels: anterior tibial and fibular (peroneal) 
arteries and veins (perforating branehes) 

■ Nerve: superficial fibular (peroneal) 

VESSELS AND NERVES 

Arterial Supply 

• Popliteal artery (from femoral) gives rise to 

medial and lateral genicular branehes above and 

below knee joint (superior and inferior). 



Popliteal artery 
and tibial nerve 


Inferior medial 
genicular artery 


Tendinous areh 
of soleus muscle 


Posterior 
tibial artery 


Tibial nerve 


Tibialis 

posterior muscle 



Inferior lateral 
genicular artery 

Common fibular 
(peroneal) nerve 

Anterior tibial 
artery 


Arteries and Nerves of Leg: Deep Disseetion 

(Posterior View) 
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• Tibial artery continues from popliteal and 
branehes into the 

■ Posterior tibial artery 

* Fibular (peroneal) artery braneh runs later- 
ally along hbula, between ílexor halhieis 
longus and tibialis posterior. 

± Anterior tibial artery emerges through 
uppermost interosseus membrane, provid- 
ing an anterior tibial recurrent braneh to 
genicular anastomosis. 

• Anastomoses around knee include 

■ Deseending genicular artery, medial braneh of 
distal femoral artery 

■ Superior lateral genicular and superior medial 
genicular arteries, branehes of popliteal artery 

■ Inferior lateral genicular and inferior medial 
genicular arteries, branehes of popliteal artery 

■ Posterior and anterior recurrent branehes of 
tibial artery 

• Dorsalis pedis artery typieally arises from termi- 
nal portion of anterior tibial. 

• Terminal, perforating braneh of the (peroneal) 
artery typieally anastomoses with dorsalis 
pedis. 

Veins of the Knee and Leg 

• Main deep veins run parallel to popliteal and to 
anterior and posterior tibial arteries and their 
branehes. 

• Popliteal vein (tributary of the femoral) includes 
anterior and posterior tibial branehes draining 
plantar and dorsalis pedis. 

• Surface drainage along greater and lesser saphe- 
nous veins, into the proximal femoral vein 



Common fibular 
(peroneal) nerve 


Anterior 
tibial artery 

Superficial fibular 
(peroneal) nerve 


Deep fibular 
(peroneal) nerve 


Extensor digitorum 
longus muscle 



Anterior tibial 
recurrent artery 
and recurrent 
braneh of deep 
fibular nerve 

Tibialis anterior 
muscle ( cut ) 


A’- » 


Arteries and Nerves of Leg: Deep Disseetion 

(Anterior View) 
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Nerves 

• Hilton’s law: nerves supplying a joint also inner- 
vate muscles aeting aeross it, as well as skin over 
distal insertions of those muscles 

Seiotie Nerve (L4-S1) 

• Dominant nerve supply for lower extremity 

• Tibial divisions (anterior): posterior eompart- 
ment of leg (and plantar foot), flexors 

• Fibular (peroneal) divisions (posterior) 

■ Deep fìbtilar (peroneal) nerve: anterior eom- 
partment extensors of ankle and foot 

■ Superfìcial fìbular (peroneal nerve): lateral 
eompartment extensor and evertors 

GLINIGAL GORRELATES 

Compartment Syndrome 

• Gan occur with open tibial fracture or intramed- 
ullary nailing 

• Ghronie: relatively eommon without aeeompa- 
nying fracture in mnners and other training 
athletes 

• Dependent position of limbs promotes high eom- 
partment pressures 

• Gommon fìndings 

■ Isolated pressure inerease in deep posterior 
eompartment most eommon 

■ Anterior eompartment pressure inerease 
seeond most eommon 

Fractures of Knee Region and Leg 

Patellar Fractures 

• Typieally result from direet blow 

• Displaeed or nondisplaeed 




Horizontal group: 
Superolateral 
nodes 

Superomedial 
nodes 

Vertieal group: 
Inferior nodes 
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Superficial 

inguinal 

nodes 
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Great 

saphenous vein 

Superficial 
lymph vessels 
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Popliteal vein 

Popliteal 
lymph nodes 




1 

| Vm 

H II 



Deep faseia 
of leg 

(crural faseia) 
Small 


saphenous vein 


m 














Veins, Lymph Vessels, and Nodes of Lower Limb 
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I. Split fracture of 
lateral tibial plateau 



Tibial plateau fracture 



II. Split fracture of 
lateral eondyle 
plus depression of 
tibial plateau 




III. Depression of 
lateral tibia 
plateau without 
split fracture 



IV. Comminuted 
split fracture of 
media tibial 
plateau and tibial 
spine 


V. Bieondylar 
fracture involving 
both tibial plateaus 
with widening 


VI. Fracture of lateral 
tibial plateau with 
separation of 
metaphyseal- 
diaphyseal junction 


Fracture of shaft of tibia 



Transverse 

fracture; 

fibula intaet 


Spiral frae- 
ture with 
shortening 


Comminuted frae- 
ture with marked 
shortening 


Segmental frae- 
ture with marked 
shortening 





Tibial Fractures 



Posterior cruciate lig 

Anterior cruciate 
ig. (ruptured) 






Arthroseopie 

view 





r 






M 




Laehman test 


Usual cause is twist- 
ing of hyperextended 
knee, as in landing 
after basketball jump 
shot. 


With patient's knee bent20-30°, examiner's hands grasp 
imb over distal femur and proximal tibia. Tibia alternately 
pulled forward and pushed backward. Movement of 5 mm 
or more than that in normal limb indieates rupture of 
anterior cruciate ligament. 


' i 


Anterior drawer test 

Patient supine on table, hip 

flexed 45°, knee 90°. Examiner J/ s 

' / / 

sits on patient's foot to x 

stabilize it, plaees 
hands on eaeh side 
of upper ealf and 
firmly pulls tibia 
forward. Movement 


J 


i 


J 


l 


\ 




\ 


t 



à 


of 5 mm or more is positive result. Result also eompared 
with thatfor normal limb, which is tested first. 


Rupture of the Anterior Cruciate Ligament 
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Ist-degree sprain. 

Loealized joint pain 
and tenderness but 
no joint laxity 



2nd-degree sprain. 

Deteetable joint 
laxity plus loeal- 
ized pain and 
tenderness 


3rd-degree 
sprain. Complete 
dismption of 
ligaments and 
gross joint 
instability 




Valgus stress may rupture tibial 
eollateral and capsular ligaments. 



"LJnhappy triad" of 0'Donoghue 

Rupture of tibial eollateral and 
anterior cruciate ligaments plus 
tear of medial meniscus 


Sprains of Knee Ligaments 





• dassifìeations: eomminiited, transverse, verti- 
eal, osteoehondral, apieal, or inferior pole 
fractures 

• Surgical treatment for open, comminuted, or 
>2 mm displaeement or ineongmity 

Tibial Plateau Fractures 

• Gommon result of falls and vehiele aeeidents 

• Lateral more eommon, often occur in low-energy 
trauma of fall in elderly person with 
osteoporosis 

• Medial fractures more eommonly assoeiated 
with ligament , peroneal nerve, meniseal , and 
popliteal vessel injuries\ high-foree injury 

• Sehatzker elassifìeation 

■ Type I: lateral plateau split 

■ Type II: lateral plateau split depression 

■ Type III: lateral plateau depression 

■ Type IV: medial plateau and tibial spine 
fracture 

■ Type V: bieondylar 

■ Type VI: bieondylar with diaphyseal extension 
Tibial Shaft Fractures 

• Tibia relatively poorly supplied by posterior 
tibial artery nutrient branehes 

• Periosteal supply from anterior tibial artery 

• Most eommon long bone fractures, resulting 
from direet or indireet trauma 

• Simple: transverse, spiral, or oblique 

• Gomminuted 

■ May be segmental 

■ Result from high-energy torsion, bending, or 
crush injuries 

• Butterfly: result from twisting, bending 
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• Stress: repetitive ovemse (e.g., in daneers, 
sports, or military training) 

Fibulor Froctures 

• Although non-weight bearing, hbula is often 
fractured with tibia. 

• Interosseus membrane transmits forees from 
tibia. 

• Shaft fracture types eomparable to those of tibia 

• Pilon fracture 

■ Fibular shaft fracture with tibial articular 
surface eompression fracture 

■ From vertieal loading of ankle joint, fall from 
height, landing on heel 

Molleolor Froctures 

• See Ghapter 26, Fractures of the Ankle and Foot 



26 


Ankle and 
Fool - Fractures 


ANATOMY OF THE ANKLE 
ANDFOOT 

Malleoli 

• Articulate with troehlea of talus 

• Medial malleohis: distal tibia 

• Lateral malleohis: distal fibula 

Tarsal Bones 

• Talus 

■ Only bone articulating with tibia and fibula 

■ Parts and landmarks 

a Head, neek, body, troehlea, lateral proe- 
ess, posterior proeess (medial, lateral 
tubercles) 

± Lateral tubercle may be unfused. 

■ No muscular attaehments 

■ Flexor hallucis longus tendon runs between 
medial and lateral tubercles. 

• Galcaneus 

■ Has rmiltiple faeets, posterior largest 

■ Sustentaculum tali 

a Supports talar neek, attaehed to spring 
bgament 

a Overlies flexor halhieis longus tendon 

■ Galeaneal tendon (Aehilles) attaehed to poste- 
rior superior tuberosity 

• Navicular: boat-shaped, with medial tuberosity 
for tibialis posterior insertion 
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Dorsal view 




Calcaneus 


Troehlea 


Talus 


Navicular 


Cuboid 


Cuneiform 

bones 


Lateral 
Intermediate 
Medial 


Plantar view 


Head of talus 


Tuberosity 
of 5th 
metatarsal 
bone 


Phalanges 


< 



Sustentaculum tali 


Metatarsal 
bones 


Proximal 
Middle 


Distal 


Bones of the Foot 



















• Cuboid 

a Tuberosity and cuboid groove inferior 
a Most lateral tarsal bone 
a Articulates with metatarsals IV and V 
a Inferior groove for peroneus longus tendon 

• Medial cuneiform 

■ Largest of 3, for metatarsal I 

■ Bears partial insertion of peroneus longus 

• Intermediate cuneiform 

■ Shortest 

■ Metatarsal II base is reeessed, fracturable 

• Lateral cuneiform: articulates with both navicu- 
lar and cuboid, as well as metatarsal III 

Metatarsal Bones 

• Anterior support of longitudinal areh 

• 5, mimbered I-V, 1-5 

• Base, body, head; eharaeteristies of long bone 

• Peroneus brevis inserts on base of metatarsal V 



Digit 1 (hallux): proximal and distal (2), 2 sesa- 
moid bones 

Digits 2-5: proximal, medial, distal (3) 


Ankle and Foot Joints 


• Ankle joint 

■ Synovial hinge (ginglymus) 

■ Mortise-and-tenon structure with talus be- 
tween malleoli 

Numerous complex synovial joints exist between 
individual tarsals and between tarsals and 
metatarsals. 
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• Transverse tarsal joint (Ghopart) 

■ Calcaneus with cuboid + talus with navicular 

■ Allows inversion and eversion 

• Transverse metatarsal joint (Lisfrane): between 
cuneiforms, cuboid, and metatarsal bases 

Ankle and Foot Ligaments 

• Inferior tibiofibular (syndesmosis) 

■ Gomplex support of distal tibia and fibula 

■ Anterior inferior tibiofibular (AITFL) 

■ Posterior inferior tibiofibular (PITFL) 

■ Inferior transverse 

■ Interosseus ligament 

• Ankle ligaments (eollateral) 

■ Medial: deltoid (4 parts): tibionavicular, tibio- 
ealeaneal, posterior and anterior tibiotalar 

■ Lateral: anterior and posterior talofibular 
(ATFL, PTFL), calcaneofibular (GFL) 

• Intertarsal ligaments (named for paired bones) 

• Tarsometatarsal ligaments 

• Transverse tarsal ligaments 

• Interphalangeal and eollateral ligaments 

Compartments of the Foot 

• Foot does not have muscular eompartments 
eomparable to leg and thigh. 

• Blood and fluid retention tend to be eonfined to 
dorsal or plantar spaees. 

• Dorsal: dorsalis pedis vessels lie subcutaneously 
and dorsal to interossei and bones of foot 

• Plantar: spaees occur between layers of foot 
muscles and tendons 

■ Layer 1: abductors of digits 1 and 5 

■ Layer 2: flexor digitomm longus tendons and 
quadratus plantae 



Right foot: lateral view 



Posterior talofibular lig. 
Calcaneofibular lig. 
Anterior talofibular lig. 


Components 
of lateral 
(eollateral) 
ig. of ankle 


# 


Long plantar lig. 


Fibularis (peroneus) 
longus tendon 


n 


Fibu laris 
(peroneus) 
brevis 
tendon 


Right foot: medial view 


Medial 
(deltoid) 
ig. of 
ankle 


Posterior tibiotalar part 
Tibioealeaneal part 
Tibionavicular part 
_Anterior tibiotalar part 


Sustentaculum tali 


Plantar ealeaneo- 
navicular 
(spring) lig. 



Posterior view 
with ligaments 


Medial (deltoid) 
ig. of ankle 

Posterior 


taloealeaneal lig. 



Jf 

Short plantar lig. 


Posterior tibiofibular lig 
Posterior talofibular lig. 


Calcaneofibular lig. 



Ankle Joints and Ligaments 
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■ Layer 3: flexor digitomm brevis 

■ Layer 4: interossei, adductors of digits 1 and 
5,opponens 

• Medial and lateral plantar neurovascular bundles 
lie in spaee between layers 2 and 3. 

• Plantar neurovascular bundles enter foot by 
passing posterior to medial malleolus: fluid 
extravasation in posterior inferior leg ean follow 
this route into foot. 

VESSELS AND NERVES 


Plantar view 


Medial plantar n. 

Sensitivity of skin of sole of foot, 
both sides of 1 st, 2nd, 3rd, and 
medial toes, and medial aspeet of 
the 4th toe, as well as joints of tarsus 
and metatarsus of the related toes 


Proper plantar 
digital aa. 


Anterior tibial a. 


Tibial n. 

Posterior 
tibial a. 



Common 
plantar digital aa. 


Plantar areh 

Plantar 
metatarsal aa. 



/YP. 


Lateral plantar n. 

Sensitivity of skin 
of 5th toe and 
lateral aspeet of 
the 4th toe; 
supplies deep 
m m. of foot 


Arteries and Nerves of the Sole 









Arterial Supply 

• Posterior tibial artery (from tibial) gives rise to 
medial and lateral plantar branehes above and 
below ankle joint. 

■ Medial plantar artery supplies medial aspeet of 
plantar foot. 

■ Lateral plantar artery supplies lateral aspeet of 
plantar foot. 

• Anterior tibial artery typieally gives rise to dor- 
salis pedis artery. 

• Terminal, perforating braneh of peroneal 
(hbular) artery typieally anastomoses with dor- 
salis pedis artery. 

• Peroneal (hbular) artery oeeasionally emerges 
through uppermost interosseus membrane to 
give rise to dorsalis pedis artery. 

Venous Drainage 

• Runs parallel to anterior and posterior tibial 
arteries and their major branehes 

• Deep plantar and dorsal tributaries drain into 
posterior and anterior tibial veins; tributaries of 
popliteal drain to femoral. 

• Surface drainage along greater and lesser saphe- 
nous veins, into femoral and popliteal, resp. 

Nerves 

• Hilton’s law: nerves supplying a joint also inner- 
vate muscles aeting aeross it, as well as skin over 
distal insertions of those muscles 

Seiotie Nerve (L4-S1) 

• Dominant nerve supply for lower extremity 

• Tibial (anterior) divisions: plantar hexors of 
foot 
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■ Medial plantar nerve: to abductor and short 
flexor hallucis, flexor digitomm brevis, 1 
medial lumbrical 

■ Lateral plantar nerve: quadratus plantae, 
interossei, and 3 lateral lumbricals; adductor 
hallucis; abductor and flexor digiti minimi 
brevis 

• Peroneal (fibular, posterior) divisions 

■ Deep peroneal (fibular): anterior eompartment 
extensors of ankle/foot: extensors halhieis 
brevis and digitomm brevis 

■ Superficial peroneal (fibular): lateral eompart- 
ment extensor/evertor 

OLINIGAL OORRELATES 

Ankle Fractures 

• Typieally involve malleolar prominenees of tibia 
and fibula, along with avulsion and rupture of 
supporting ligaments 

• Gharaeteristie patterns of fractures aeeompany 
injuries caused by extreme foreed movements in 
speeifie direetions. 

■ Supination and adduction 

■ Supination and external rotation 

■ Pronation and abduction 

■ Pronation and external rotation 

Tarsal Fractures 
Talus Fractures 

• Neek is most eommon site for talar fractures. 

• Usually result from direet trauma or landing on 
foot after a fall 

• Hyperdorsiflexion impaets neek on distal tibia. 




-Calcaneus 

Siipination-abdiietion (SA) 



Supination-external 
rotation (SER) 



Pronation-abduction (PA) 



Pronation-external 
rotation (PER) 


dassifieation of Ankle Fractures 
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Type A. Avulsion 
fracture of lateral 
malleolus and shear 
fracture of medial malleolus 
caused by medial rotation of 
talus. Tibiofibular ligaments 
intaet. 


Type B. Shear fracture of 
lateral malleolus and small 
avulsion fracture of medial 
malleolus caused by lateral 
rotation of talus. Tibiofib- 
ular ligaments intaet or 
only partially 
torn. 


Maisonneiive 
fracture. 

Complete , u . , ... 

I \. Torn deltoid lig. 
disruption ° 

of tibiofibular syndesmosis 

with diastasis caused by 

external rotation of talus and 

transmission of foree to 

proximal fibula, resulting in 

high fracture of fibula. 

lnterosseous membrane torn 

longitudinally. 



Type C. Dismption of 
tibiofibular ligaments 
with diastasis of 
syndesmosis caused by 
external rotation of talus. 
Foree transmitted to 
fibula results in oblique 
fracture at higher level. 

In this ease, avulsion of 
medial malleolus has 
also occurred. 


Rotational Fractures 











Usual cause is 
impaet on anterior 
margin of tibia due 
to forceful 
dorsiflexion. 



Lateral radiograph 
shovvs type II fracture. 


Type I. 

displaeement 

Type III. Fracture 
of talar neek with 
disloeation of sub 
talar and tibio- 




talar joints 


m 


Type II. Fracture 
of talar neek with subluxation 
or disloeation of subtalar joint 



Perforating braneh of fibular a. 


Anterior tibial a. 

Posterior 
tibial a. 





Avascular 
neerosis of talar 
body evideneed 
by inereased 
density (selerosis) 
eompared with 
other tarsal bones 


Artery of 
tarsal sinus 


Artery of 
Deltoid a. tarsal canal 


Because of profuse intraosseous 
anastomoses, avascular neerosis 
eommonly occurs only when 
surrounding soft tissue is 
damaged, as in type II and 
fractures of talar neek. 



Fractures of the Talar Neek 
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• Three types of talar fractures 

■ Type I: nondisplaeed 

■ Type II: neek fracture with subtalar sublux- 
ation or disloeation 

■ Type III: neek fracture with disloeation of tib- 
iotalar and subtalar joints 

• Neek fractures ean lead to avascular neerosis 
because most of blood supply passes through 
here. 

Calcaneus Fractures 

• Most eornmon tarsal fractures 

• Intraarticular 

■ 75% of all ealeaneal fractures 

■ From forceful landing on a heel 

■ Talus driven down on cancellous calcaneus 

• Extraarticular 

■ Anterior proeess: avulsion caused by landing 
on plantar-flexed, adducted foot 

■ Galeaneal tuberosity: avulsion due to sudden 
forceful eontraetion of gastrocnemius/soleus 

■ Sustentaculum tali fracture: landing on 
inverted foot 

■ Body fracture: jumping and landing on heel 

Metatarsal and Phalangeal Fractures 

• Please see p. 388. 



Extraarticular fracture of calcaneus 


Avulsion fracture 
of anterior pro- 
eess of eal- 


caneus 
caused by 
tension on 
bifurcate ligament 




Commin- 
uted frae- 
ture of 

anterior proeess of calcaneus 
due to eompression by 
cuboid in foreefnl abduction 
of forefoot 


Aehilles' tendon 




Avnlsion fracture of tuberosity of 
calcaneus due to sudden, violent 
eontraetion of Aehilles' tendon 


Fracture 
of medial 
proeess of tuberosity 
of calcaneus 



Fracture of 

sustentaculum 

tali 



Fracture of body of 
calcaneus with no 
involvement of 

subtalar 
rticulation 


lntraarticular fracture of calcaneus 

_ m 

y- T 


Primary fracture line 

Talus driven down into 
calcaneus, usually by fall 
and landing on heel 





Primary fracture line runs 
aeross posterior faeet, 
forming anteromedial and 
posterolateral fragments. 


Fractures of the Calcaneus 
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Types of fractures of metatarsal: 

A. comminuted fracture, B. 
displaeed neek fracture, C. 
oblique fracture, D. displaeed 
transverse fracture, E. fracture of 
base of 5th metatarsal, F. avulsion 
of tuberosity of 5th metatarsal 





Fracture of proximal phalanx 



Fracture of phalanx 
splinted by taping to 
adjaeent toe (buddy taping) 


Dorsal disloeation of 
Ist metatarsophalangeal 
joint 

2. Sl* 






Crush injury of 
great toe 


Fracture of sesamoid bones 
(must be differentiated from 
eongenital bipartite sesamoid bones) 


Metatarsal and Phalangeal lnjuries 
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Amprilla of Vater, 96f, 

100, 131, 200, 201 
endoseopy through, 106 
obstmetion of, 105f, 108 
Anal eanal. See Anoreetal 
entries. 

Anal fìssure, 240 
Anal glands, 232, 232f, 238 
Anal nerve, inferior, 234f 
Anal sphineters, 232, 

232f, 233, 235 
Anastomotie loops 
arterial, 216, 217f 
venous, 218f 
Angular artery, 5, 6f 
Angular noteh (incisure) 
of stomaeh, 127, 128f 
Angular vein, 6f, 7 
Ankle, 375, 377-378, 
379f-380f, 381-382 
fractures of, 374, 382, 
383f-387f 

Annular ligament, radial, 
314, 322f 

Anoreetal anatomy, 
231-233, 232f 
arteries in, 235, 236f 
lymphaties in, 238, 239f 
nerves in, 233, 234f, 235 
veins in, 235, 237f, 238 
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Anoreetal diseases. See 
also Reetiim. 
abseess, 123f, 238, 240 
hemorrhoids, 114, 235, 
238 

Antebraehial eompartment 
syndrome, 320 
Antebraehial faseia, 315, 
316f 

Antebraehial spaees, 333 
Anterior emeiate ligament 
(AGL), 361f, 362 
rupture of, 371f-372f 
Anterior drawer test, 371f 
Anterior inferior iliae spine, 
243, 250, 252f, 344f 
Anterior longitudinal 

ligament, 32, 36, 37f 
lumbosacral, 244f, 246 
Anterior superior iliae 
spine, 243, 244f, 250, 
252f, 344f 
Antram 

maxillary, 12f, 13 
pylorie, 127, 128f, 129, 
139 

Anulus fibrosus, 30f, 32 
Anus. See Anal and 
Anoreetal entries. 

Aortie areh, 61, 62f, 66f 
Aortie (himbar) lymph 
nodes 
lateral 

kidneys and, 171f, 172 
large intestine and, 
117 

uterus and ovaries 
and, 211ì 


Aortie (lumbar) lymph 
nodes ( eontinned ) 
prostate and, 263, 264f 
rectum and, 238, 239f 
small intestine and, 219 
uterus/ovaries and, 

277f, 278 

Aortie plexus, 2151’ 

Aortieorenal ganglia, 167f, 
168 

Appendieeal abseess, 92f 
vs. ovarian eyst, 282f 

Appendieeal (appendicular) 
artery, 86f, 88-89,112 

Appendieeal (appendicular) 
vein, 89, 89f 

Appendieitis, 85, 87f, 91, 
92f, 93 

Appendicular lymph 
nodes, 90, 90f 

Appendix, 85-93 
abseess of, 92f, 282f 
anatomy of, 85, 86f-87f, 
88 

eareinoid of, 92f, 93 
rmieoeele of, 92f 
vessels and lymphaties 
of, 86f, 88-90, 

89f-90f 

Areades, intestinal 

arterial, 213f, 216, 217f 

Arcuate line, 245 

Arm, 302, 303f-304f, 
305-307, 306f. See also 
Forearm; IIumerus. 

Arteriae reetae, 113f, 

213f, 217f 

Aseites, 192, 193, 197 



Atlas (Gl), 28f, 29, 39f 
Aiierbaeh’s plexus, 110, 
112, 129, 132, 214, 

215, 233 

Auricular artery, 5, 6f 
Auricular muscle, 5 
Auricular vein, 6f, 9 
Auriculotemporal nerve, 

8f 

Axillary artery, 293f, 294, 
304f, 305, 306f, 307 
breast and, 47 
Axillary lymph nodes, 49, 
60,154 

Axillary nerve, 302, 306f, 
307, 310 

Axillary vein, 294, 305, 
319 

breast and, 49 
Axis (G2), 28f, 29, 33, 39f 
Azygos system, 36, 49, 65, 
67f, 68, 79 

B 

Basilie vein, 294, 305, 

318, 319, 335 
Batson’s plexus, 242 
Benign prostatie 

hyperplasia, 257, 262f, 
263, 265-266, 267f 
Bieeps braehii muscle, 

291, 294, 299, 301f, 302, 
303f, 305, 307, 324f 
Bieeps femoris muscle, 
348, 3531' 

Bile and bile seeretion, 
100,102,104 


Bile duct(s). See also 

(Gommon) bile duct. 
intrahepatie, 95, 182, 
183f, 184, 1851-1861' 
Biliary eolie, 1051' 

Biliary function tests, 106 
Biliary system, 

extrahepatic, 95-108 
anatomy of, 95, 96f, 97, 
981’, 99-100 
diagnostie procedures 
of, 106 

disease of, 108 
hemorrhage in, 198 
vessels and lymphaties 
of, 100-102, lOlf’, 
1031' 

Billroth procedures, 145 
Bloodless fold of Treves, 

86f, 88 

Boerhaave’s syndrome, 

73 

Boutonnière deformity, 
3401' 

Boxer fracture, 3391’ 
Braehial artery, 

303f-304f, 305, 315, 
318 

Braehial faseia, 302 
Braehial plexus, 33, 35f, 
294-295, 302, 305-307, 
3061' 

Braehial vein, 294, 303f, 
305, 319 

Braehioeephalie veins, 

67f, 79 

Braehioradialis muscle, 
320 
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Breast, 45-60 

arterial supply of, 47, 

48f 

axillary tissue of, 47 
benign disease of, 50, 
51f, 52, 53f, 54 
diagnostie procedures 
of, 50 

innervation of, 47 
lymphatie drainage of, 

' 48f, 49-50 
structure of, 45, 46f 
venous drainage of, 48f, 
49 

Breast eaneer, 49-50, 
54-56, 56f-58f, 59-60 
Broad ligaments, 271, 
272f, 273, 276, 278 
Bronehial arteries, 66f 
Buccal nerve, 8f 
Buck’s faseia, 262f 
Bulbourethral (Gowper’s) 
glands, 258f, 259 

c 

G1 (atlas), 28f, 29, 39f 
G2 (axis), 28f, 29, 33, 39f 
Galcaneofibular ligament, 
378, 379f 

Galcaneus, 375, 376f, 378 
fractures of, 386f, 387f 
Gamper’s faseia, 147 
Ganthal ligament, 14f, 15 
Gapitate bone, 327, 328f 
Gardinal ligaments, 271, 
274,276 

Garotid arteries, 5, 6f, 7 


Garpal bones, 327, 
328f-329f, 330 
fractures of, 320, 336 
seaphoid, 337f, 338 
Garpal joints, 329 
Garpal tunnel, 319, 330, 

33lf, 335, 336 
Garpal tunnel syndrome, 
338 

Garpometaearpal joints, 
329-330, 329f 
Cauda equina, 31, 35f 
Gavernous sinus, 7, 9 
Geeal arteries, 88, 89 
Geeal vein, posterior, 89f 
Gecum, 109, HOf, 111 
appendix and, 85, 
86f-87f, 88, 93 
Grohn’s disease of, 

122f, 226f 

low-lying, vs. eyst, 282f 
small intestine and, 212f 
volvulus of, 124 
Geliae artery, 65, 66f, 

100, 101, lOlf, 130f, 
133, 135f-136f, 137, 

187, 188f, 189, 216 
Geliae ganglion, 97, 133, 
134f, 187, 202, 215 
Geliae lymph nodes, 68, 
69f, 102, 103f, 140f, 
191f, 205, 206f, 220f 
Geliae plexus, 97, 133, 

13 4f, 135, 166, 167f, 
168, 184, 186, 202, 

214, 215f, 216 
Gentral veins, of hepatie 
lobules, 184, 186f, 189 




Gephalie vein, 294, 305, 
318, 335 

Gerebral arteries, 7 
Gerebral veins, 3 
Gerebral venous sinuses, 

3, 7,9 

Gerebrospinal fluid 
leakage, 12f, 15 
Gervieal curvature, 27, 28f 
Gervieal ribs, 27 
Gervieal spinal nerves, 8f, 10 
Gervieal vertebrae, 28f, 

29, 34, 36 
fractures of, 38, 39f 
Gervieothoraeie (stellate) 
ganglion, 64f 
Gervix, uterine, 271, 272, 
274, 276, 277f, 278 
eareinoma of, 280f, 284 
fibroids in, 281f 
Ghanee fracture, 37f 
Gholangiole, 186f 
Gholeeysteetomy, 99-101, 
106-108 

Gholeeystitis, 105f, 107 
Gholeeystokinin, 100, 

104, 214 

Gholelithiasis, 104, 105f, 
106-108, 205 
Ghondrosternal 
separation, 80f 
Ghopart joint, 378 
Ghorio-epithelioma, 280f 
Girrhosis, 193, 196f, 197 
eareinoma with, 193, 
195f 

Gisterna ehyli, 117, 140f, 
171f, 172, 205, 219, 220f 


Glaviele, 289, 291-292, 
291f, 294-295 
fractures of, 296f, 297 
manubrium and, 76, 76f 
Goccyx, 28f, 34, 245, 348 
fracture of, 252f 
Goleetomy, partial, 125f 
Golie arteries, 112, 113f, 
12 5f 

Golie lymph nodes, 239f 
Golie veins, 114, 115f 
Golitis, 121,122f-123f, 124 
Gollateral ligament(s) 
of ankle, 378, 379f 
of knee, 361f, 362, 372f 
Golles’ fracture, 325, 326f 
Golon, 109-125 
anatomy of, 109-111, 
HOf 

arterial supply of, 112, 
113f, 114 
eaneer of. See 

Goloreetal eaneer. 
diverticular disease of, 
117, 118f, 119, 124 
inflammatory disease of, 
121, 122f-123f, 124 
innervation of, 111-112 
isehemia of, 240 
kidneys and, 163, 164f 
lymphatie drainaée of, 
114, 116f, 117 
obstmetion of, 109, 

119, 120f, 124 
polyps in, 119, 123f 
venous drainage of, 114, 

115f 

volvulus of, 124 
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Goloreetal anastomosis, 

125f 

Goloreetal eaneer, 119, 

120f 

metastases from, 193 
obstmetion in, 119, 
120f, 124, 240, 241f 
reetal involvement in, 
119, 120f, 125, 240, 
241f, 242 

reseetion of, 125f, 242 
ulcerative eolitis with, 
123f 

(Gommon) bile duct, 96f, 
99-100, lOlf 
calculus in, 105f, 108 
portal triad and, 179, 

180f 

surgical trauma to, 108 
variations of, 98f, 99 
Gommon hepatie artery, 
96f, 101, lOlf, 187, 
188f, 189, 203f 
gastroduodenal 
branehes of, 
135f-136f, 137 
small intestine and, 216 
Gommon hepatie duct, 

95, 96f, 97, 185f 
arterial supply of, 10 lf 
variations in, 98f, 99 
Gompartment syndromes 
of leg, 368 
of thigh, 354, 358 
upper limb, 307, 310, 
315, 320, 336, 338 
Gonjoined (eonjoint) 
tendon, 150, 152 


Gonoid ligament, 290f, 

292 

Conus medullaris, 34, 35f 
trauma to, 38 
Gooper’s (peetineal) 
ligament, 147, 156 
Gooper’s ligaments of 
breast, 45, 46f, 55, 56f 
Goraeoaeromial ligament, 
292 

Goracoclavicular ligament, 
290f, 291-292, 296f 
Goraeoid proeess, 289, 
290f, 292, 295 
Goronary ligament 
of knee, 362 
of liver, 179, 181f 
Goronoid proeess, 313, 
314, 314f 

fractures of, 320, 32 lf, 
325 

Gostal eartilages, 75, 76, 
76f 

Gostoehondral separation, 

80f 

Costoclavicular ligament, 
289, 291f, 292 
Gostovertebral disloeation, 

80f 

Gowper’s (bulbourethral) 
glands, 258f, 259 
Coxal (hip) bones, 243, 
244f, 245, 343, 344f 
Goxal joints, 246 
Granial nerves, 9-10 
Granium, 3, 4f 
arteries of, 5, 6f, 7 
veins of, 6f, 7, 9 



Gremaster miisele, 148f, 

149, 155f 

Gremasterie artery, 153 
Gremasterie faseia, 148f, 
149, 153, 155f 
Gricopharyngeus, 61, 68, 
70 

Grohn’s disease, 121, 

122f, 225, 226f, 227 
abseess in, 240 
Gmeiate ligament, 

eraniovertebral, 32-33 
Grnral faseia, 362, 363f, 
369f 

Gubital tunnel, 319 
Cuboid bone, 376f, 377, 
378 

Cuneiform bones, 376f, 

377, 378 

Gystie artery, 96f, 

100-101, lOlf, 108, 188f 
Gystie duct, 95, 96f, 97, 
98f, 99, lOlf, 102 
ligation of, 108 
obstmetion of, 105f, 107 
Gystie node, 103f, 191f 
Gystie veins, 102 
Gystohepatie junction, 

96f, 98f, 99 

Gystohepatie triangle of 
Galot, 97, lOlf 

D 

Deferential artery, 153 
Deltoid ligament of ankle, 

378, 379f, 384f 
Deltoid muscle, 302, 303f 


Dens (odontoid proeess), 

29, 32, 33, 39f 
Dentate line, 231, 232, 

232f, 238 
Diaphragm 

hiatal hernia of, 72, 

142, 143f, 161f 
lymph nodes on, 189 
Diploie spaees, 3, 5 
Dises, intervertebral, 30f, 
31-32, 34, 41f 
Diverticula 

acquired jejunoileal, 222 
eolonie, 117, 118f, 119, 
124 

esophageal, 68, 70 
Dorsalis pedis artery, 366, 
378, 381 

Ductal eareinoma in situ 
(DGIS), 54 

Ductus (vas) deferens, 
148f, 153, 154, 155f, 
258f, 260 

Duodenum, 130-132, 130f 
adenoeareinoma of, 

142,224 

arteries of, 136f, 137, 
203f 

(eommon) bile duct 
and, 96f, 99, 130f 
gallbladder and, 95, 96f 
greater papilla of, 131, 
200 

hepatopanereatie 
ampulla and, 96f, 

100, 200 

innervation of, 133, 

134f, 135 
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Duodenum ( eontiniied ) 
lesser (minor) papilla 
of, 131, 201 

ulcers of, 139, 142, 210f 
venous drainage of, 137, 
138f, 139, 219 

E 

Eetopie pregnaney, 280f, 

285f 

Eiaculatory ducts, 257, 

258f, 260 

Elbow, 299, 302, 313-315, 
317f, 318 

disloeations of, 320, 
321f-322f, 325 
Emissary veins, 3, 5, 6f 
Endoabdominal faseia, 

147,151 

Endopelvie faseia, 233, 

259 

Endoseopie retrograde 
eholangiopanereatog- 
raphy (ERGP), 106, 

108, 198, 205, 207 
Epicranius, 5 
Epidural hematoma, 13 
Epidural spaee, 33 
Epigastrie arteries, 

150-154, 155f, 247, 349 
Epigastrie veins, 153, 154, 
155f, 249 

Epiploie (omental) 
appendiees, 109, 118f 
Epiploie (omental) 
foramen (of Winslow), 
179, 1801' 


ERGP, 106,108,198, 205, 
207 

Esophageal variees, 68, 
137, 1961' 

Esophagitis, peptie, 71f 
Esophagus, 61-74 
aehalasia of, 70 
anatomy of, 61, 62f, 63 
arterial supply of, 65, 

66f 

caustic injury to, 73-74 
diverticula of, 68, 70 
gastrie reflux and, 70, 
71f, 72, 142 
hiatal hernia and, 72, 
142, 143f, 161í 
innervation of, 63, 64f, 
65 

lymphatie drainage of, 
68, 69f 

perforations of, 73 
stomaeh and, 127, 128f 
strictures of, 71f, 

72-74 

surgical approaehes to, 
68 

tumors of, 72-73 
venous drainage of, 65, 
67f, 68, 190f 
Essex-Lopresti fracture, 
323f 

Ethmoid bone, 3, 9 
Ethmoidal nerve, 8f 
Exophthalmos, 22f 
Extensor digitomm longus 
muscle, 364, 367f 
External oblique faseia, 
153 



External oblique muscle, 
147, 148f, 149, 152 
Extraperitoneal faseia, 148f 

F 

Faee, 5, 6f, 7, 8f, 9 
Faeet joints, 32, 36 
Faeets, vertebral, 27, 29, 36 
Faeial fractures, 12f, 13, 
14f, 15, 16f 
Faeial nerve (VII), 9 
Faeial skeleton, 3 
Faeial veins, 6f, 7, 9 
Faleiform ligament, 132, 
179, 181f, 182, 188f, 
190f 

Fallopian tubes. See 

Uterine (fallopian) tubes 
(ducts). 

False pelvis, 243, 245 
Faseia lata, 347f, 348 
Femoral artery, 347f, 348, 
349, 350f-351f, 352, 
366 

inguinal ligament and, 
153, 154 

Femoral cutaneous nerve, 
posterior, 353f 
Femoral head, 343, 345f 
arteries of, 351f, 352 
avascular neerosis of, 
355f, 356 

Femoral neek, 343, 345f 
fractures of, 355f, 356, 
358 

Femoral nerve, 347f, 348, 
354 


Femoral vein, 347f, 348, 
349, 352, 366, 381 
inguinal ligament and, 
153, 154 

Femur, 343, 3451’ 
fractures of, 355f, 356, 
357f, 358 

knee joint and, 361, 361f 
Fibula, 359,360f-361f, 362, 
363f, 375,378,379f 
fractures of, 374, 382, 
383f-384f 

Fibular (peroneal) artery, 
363f, 364, 366, 381 
Fibular (lateral) eollateral 
ligament, 361f, 362 
Fibular (peroneal) division 
of seiatie nerve, 353f, 
354, 368, 382 
Fibular (peroneal) nerve 
eommon, 353f, 365f, 
367f 

deep, 363f, 364, 367f, 
368, 382 

superácial, 364, 368, 
382 

tibial fracture and, 373 
Fibular (peroneal) veins, 
363f, 364 

Fibularis (peroneus) 
brevis and longus 
tendons, 377, 379f 
Finger injuries, 338, 339f, 
340f 

Flail ehest, 80f, 81 
Flexor earpi radialis, 33 lf 
Flexor earpi ulnaris, 315, 
319, 320, 331f 
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Flexor digitomm brevis, 
380 

Flexor digitomm longus, 
378 

Flexor digitomm 
profundus, 317f, 319 
Flexor digitomm 

profundus tendons, 315, 
330, 331f-332f, 333, 
335, 339f 
Flexor digitomm 

superfìcialis, 315, 319 
Flexor digitomm 

superfìcialis tendons, 
315, 330, 331f-332f, 
333, 335 

Flexor hallucis longns 
tendon, 375 

Flexor pollieis longus, 315 
Flexor pollieis longus 
tendon, 331f-332f, 333 
Flexor retinaculum, 319, 
330, 33lf, 338 
Foot 

arterial supply of, 380f, 
381 

bones of, 375, 376f, 377 
eompartments of, 
378-379 

disloeation of, 388f 
fractures of, 382, 
385f-387f 

great toe injury of, 387f 
joints of, 377-378 
ligaments of, 378, 379f 
nerves of, 380f, 381-382 
venous drainage of, 381 
Foramen ovale, 7, 9 


Foramina transversaria, 29 
Forearm, 313-326 
anatomy of, 313-315, 
314f, 316f 

arterial supply of, 315, 
317f, 318 
eompartment 

syndromes of, 315, 
320, 333 

eompartments of, 315, 
316f 

fractures of, 320-326, 
321f-326f 

nerves of, 306f, 319-320 
veins of, 318-319 
Frontal artery, 6f 
Frontal bone, 3, 4f, 14f, 15 
Frontal vein, 6f 

G 

Galeazzi fracture/ 
disloeation, 322f, 325 
Gallbladder, 95, 96f, 97, 
99, 100, lOlf, 102, 
103f, 104 
eareinoma of, 108 
inflammation of, 105f, 
107 

Gallstones, 104, 105f, 
106-108, 205 
Gastrie arteries, 65, 66f, 
134f, 13 5f, 137, 187, 
188f, 189 

Gastrie lymph nodes, left, 
68, 69f, 103f, 140f 
Gastrie veins, 67f, 137, 

13 8f, 190f 



Gastrinoma, 209, 210f 
Gastritis, 139, 145 
Gastroenemiiis muscle, 

363f, 364, 386 

Gastroduodenal artery, 

lOlf, 135f-136f, 137, 
187, 188f, 216 
panereas and, 202, 203f 
Gastroesophageal reflux 
disease (GERD), 70, 

71f, 72, 142 

Gastrointestinal stromal 
tumor (GIST), 145, 224, 
225 

Gastro-omental 

(gastroepiploie) arteries, 
134f, 135f, 137, 202 
Gastro-omental 

(gastroepiploie) lymph 
nodes, 140f 
Gastro-omental 

(gastroepiploie) veins, 

13 8f, 139 

Genicular artery(ies), 349, 
364, 365f, 366 
Genitofemoral nerve, 

148f, 153 

Gerdy’s tubercle, 359, 360f 
Gerota’s faseia, 163, 177 
Glenohumeral joint, 291, 
292, 299, 300f-301í 
arterial supply of, 302 
braehial plexus and, 307 
Glenoid fossa, 289, 290f, 
299, 301f 

fractures of, 291, 295, 
297 

Glenoid labmrn, 299, 301f 


Glossopharyngeal nerve 
(IX), 10 

Ghiteal arteries, 248, 

248f, 249 

Ghiteal eompartment, 348 
Gluteal nerves, 354 
Gluteus maximus muscle, 
347f, 348 

H 

IIallux (great toe), 377 
crush injury of, 388f 
Ilamate bone, 327, 328f, 
330, 334f, 336, 337f 
Iland, 327-340 
anatomy of, 327, 
328f-329f, 329-330, 
332f, 333 

arterial supply of, 333, 
334f, 335 

eompartment syndromes 
of, 336, 338 
eompartments of, 330, 
331f-332f, 333 
innervation of, 334f, 
335-336 

joints of, 327, 329-330 
ligaments of, 330 
venous drainage of, 335 
Ilangman fracture, 39f 
Ilartmann’s pouch, 96f 
calculus in, 105f 
IIaustra, 109, 111 
Ilead and neek, 3, 5, 6f, 7, 
8f, 9-10 

Ilemiazygos system, 49, 
65, 67f, 79 
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Hemorrhoidal venous 
plexus, 114, 238 
Ilemorrhoids, 114, 235, 
238 

Ilepatie arteries, 96f, 97, 
100-101, lOlf, 187, 
188f, 189 

branehes of, 182, 184, 
185f-186f 

surgical trauma to, 108 
Ilepatie ducts, 95, 96f, 97, 
98f, 99 

Ilepatie lymph nodes, 

102, 103f, 191f, 206f 
Hepatie plexus, 13 4f, 184 
Ilepatie veins, 184, 189 
eirrhosis and, 196f 
IIepatoduodenal ligament, 
128f, 130, 179, 180f 
Ilepatogastrie ligament, 
128f, 132, 179, 180f 
Ilepatopanereatie amprilla. 

See Amprilla of Vater. 

I Iepatopanereatie 

sphineter (of Oddi), 99, 
100, 104, 201 
Hernias, 154-161 
femoral, 157 
hiatal, 72,142,143f, 161f 
ineareeration of, 154 
ineisional, 158, 159f 
inguinal, 152, 154, 155f, 
156-157 
lrimbar, 160 
obturator, 158, 160 
overview of, 154, 159f 
parastomal, 160 
perineal, 160 


Ilernias (eontiniied) 
reduction of, 154 
seiatie, 160 

small bowel obstmetion 
seeondary to, 219 
spigelian, 159f, 160 
strangrilation of, 154 
mnbilieal, 157-158, 159f 
Ilesselbaeh’s triangle, 152, 
156 

Iliatal hernia, 72, 142, 
143f, 161f 

Ililton’s law, 246, 305, 

319, 354, 368, 381 
IIip bones, 243, 244f, 245, 
343, 344f 

IIip joint, 343, 344f, 346 
arterial supply of, 349, 
350f-351f, 352 
fractures of, 354, 355f, 
356 

innervation of, 353f, 354 
veins of, 352 
Hmneral fractures, 307, 
308f-309f, 310-311,320 
Ilmneral head, 299, 300f 
disloeations of, 310 
fractures of, 308f, 310 
IIumerus, 299-311 
anatomy of, 299, 
300f-301f, 302 
arteries in region of, 
293f, 294, 302, 304f, 
305 

elbow joint and, 

313-314 

neek of, 299, 300f, 
308f-309f, 310 




Hypogastrie nerves, 234f, 
247, 26lf 

Ilypogastrie plexus, 247 
eolon and, 112 
prostate and, 260, 261f 
reetrnn and, 234f, 235 
Ilypoglossal nerve (XII), 

10 

Ilypothenar eompartment, 
333,336 

I 

Ileoeeeal fold, 86f, 88 
Ileoeeeal junction, 111 
Ileoeeeal reeess (fossa), 

86f, 88 

Ileoeolie anastomosis, 

12 5f 

Ileoeolie artery, 86f, 88, 
112, 113f, 215f, 216, 
217f 

Ileoeolie fold, 88 
Ileoeolie fossa, 88 
Ileoeolie lymph nodes, 90, 
90f, 116f 

Ileoeolie plexus, 215f 
Ileoeolie vein, 89, 89f, 

114, 115f, 218f, 219 
Ileum, 211, 212f-213f 
arterial supply of, 213f, 
216, 217f 
diverticula of, 222 
leiomyosareoma of, 

225 

lymphoma in, 225 
Peyer’s patehes in, 212, 
213f, 219 


Ileum ( eontiniied ) 
terminal 

appendix and, 85, 

86f, 88, 89 
Grohn’s disease of, 
121, 122f, 225, 

226f 

venous drainage of, 

218f, 219 
Iliae artery(ies) 

eommon, 173f, 247, 
248f 

deep circumflex, 247 
external, 153, 247, 

248f, 349, 350f 
internal, 247-249, 248f 
hip joint and, 349 
prostate and, 

262-263, 262f 
reetal branehes of, 
114, 235, 236f, 240 
thigh muscles and, 
348 

uterus and, 274, 275f 
vagina and, 275f, 276 
Iliae erest, 27, 243, 348 
Iliae fossa, 243, 244f, 249 
Iliae lymph nodes, 171f, 
238, 239f, 263, 264f, 
277f, 278 
Iliae vein(s) 
eommon, 249 
deep circumflex, 249 
external, 89f, 153, 249, 
352 

internal, 114, 237f, 238, 
249, 262f, 263, 276, 
348 
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Iliae wing, fracture of, 

252f-253f 

Iliofemoral ligament, 243, 
344f, 346, 352 
Iliolumbar artery, 248, 
248f 

Iliolumbar ligament, 244f 
Iliolumbar veins, 249 
Iliopubic traet, 152, 157 
Iliotibial traet, 348, 359, 
360f 

Ilium, 243, 244f, 245, 246 
Inferior mesenterie artery 
eoleetomy and, 125f 
eolon and, 111, 112, 
113f, 114, 117, 240 
pelvie viseera and, 261f 
rectum and, 235, 236f 
Inferior mesenterie 
ganglion, 234f, 235, 

247, 260, 261f 
Inferior mesenterie lymph 
nodes, 116f, 117, 222, 
238, 239f 

Inferior mesenterie 
plexus, 112, 234f, 235, 
26 lf 

Inferior mesenterie vein, 
114, 115f, 189, 237f, 
238,249 

Inflammatory bowel 
disease, 121, 122f-123f, 
124,219 

Infraspinatus muscle, 295 
Infraspinatus tendon, 299, 
30 lf 

Inguinal hernia, 152, 154, 
15 5f, 156-157 


Inguinal ligament, 147, 
148f, 149, 152-154, 

157, 243, 245, 348 
Inguinal lymph nodes, 154, 
239f, 277f, 278, 369f 
Inguinal ring 

deep (internal), 148f, 
150-154, 156 
superfìcial (external), 
149, 152, 155f, 156 
Intereostal arteries, 34, 

49, 77f, 78-79 
Intereostal lymph nodes, 
69f 

Intereostal muscles, 75, 
77f, 78 

Intereostal nerve bloek, 

80f, 81 

Intereostal nerves, 77f, 

78 

Intereostal veins, 49, 79 
Intermesenterie (aortie) 
plexus, 215f 
Internal oblique muscle, 
147, 148f, 149-150 
inguinal eanal and, 152 
Internal thoraeie 

(mammary) arteries, 

47, 48f, 77f, 79, 188f 
Internal thoraeie 

(mammary) veins, 48f, 
49, 79 

Interosseous arteries, 

317f, 318 

Interosseous eompartment, 
333 

Interosseous faseia, 332f, 
333 



Interosseous ligament, 
tibiofìbular, 378 
Interosseous membrane 
of forearm, 314f, 315, 
319, 3231' 

of leg, 363f, 366, 381 
fìbular fractures and, 
374, 3841’ 

Interosseous muscles 
of foot, 378 

of hand, 333, 334f, 336 
Interosseous nerve, 315, 
317f, 319, 320 
Interspinous ligament, 32, 
36, 246 

Intertroehanterie line, 
343, 344f, 346 
Intervertebral dises, 30f, 
31-32, 34, 41f 
Intussusception, 219, 

22lf, 222 

Isehial ramus, 243, 245, 
252f 

Isehial spine, 243, 244f, 
249,344f 

Isehial tuberosity, 243, 
244f, 250, 252f, 344f, 
348 

Isehiofemoral ligament, 
344f, 346, 351f 
Ischium, 243, 244f, 246 


J 

Jejunum, 211, 212f-213f 
arterial supply of, 213f, 
216, 2171' 

Grohn’s disease in, 226f 


Jejunum ( eontiniied ) 
diverticula of, 222 
duodenum and, 130f, 
131 

leiomyosareoma of, 225 
venous drainage of, 

218f, 219 

Jugular foramen, 10 
Jugular (suprasternal) 
noteh, 22f, 76, 76f 
Jugular vein(s), 6f, 7, 9 
thyroid and, 17, 18f, 20f 

K 

Kidney stones, 172, 
173f-174f, 175 
Kidneys, 163-177 
anatomy of, 163, 
164f-165f, 166 
arterial supply of, 168, 
169f-170f ' 
eaneer of, 174f, 175 
innervation of, 166, 

167f, 168 

lymphatie drainage of, 
171f, 172 

obstmetive uropathy 
and, 174f, 175 
surgical approaehes to, 

17 6f, 177 

venous drainage of, 168, 

170f 

Knee, 359, 361-362, 361f 
arterial supply of, 364, 
365f, 366 

fractures in region of, 
368, 370f, 373 
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Knee ( eontiniied ) 

innervation of, 365f, 368 
ligaments of, 361f, 362, 
371f-372f 

venous drainage of, 366, 
369f 

L 

Laehman test, 371f 
Laerimal bone, 3 
Laerimal nerve, 8f 
Lactiferous ducts and 
glands, 45, 46f, 52 
Lacunar ligament, 147, 

152 

Laminae, vertebral, 27, 30f 
fractures of, 36 
Large intestine 

arteries of, 112, 113f, 
114 

lymphatie drainage of, 
90, 90f, 114, 116f, 

117 

obstmetion of, 124 
in eoloreetal eaneer, 
119, 120f, 124, 

240, 241f 

perforated cecum in, 
109 

veins of, 89, 89f, 114, 
115f 

Laryngeal artery, 20f 
Laryngeal nerve 

recurrent, 18f, 20f, 21 
esophagus and, 63, 

64f 

superior, 18f, 20f 


Lateral malleolus, 375 
fracture of, 384f 
Lateral meniscus, 361, 
361f, 362 

Le Fort fractures, 12f, 13, 
15 
Leg 

arterial supply of, 364, 
365f, 366, 367f 
bones of, 359, 360f 
eompartment syndrome 
of, 368 

eompartments of, 362, 
363f, 364 

fractures of, 368, 370f, 
373-374 

lymphatie drainage of, 
369f 

nerves of, 365f, 367f, 368 
veins of, 366, 369f 
Levator ani muscles, 231, 
232, 23 2f, 259 
Ligament of Treitz, 131, 

210f 

Ligamenta flava, 32 
Ligamentum nuchae, 32 
Ligamentum teres, 

180f-181f, 346 

Ligamentum venosum, 

18 lf 

Linea alba, 151, 159f 
Linea aspera, 343, 345f, 
348 

Linea semihmaris, hernia 

at, 159f, 160 
Linea terminalis, 245 
Lingual artery, 5 
Lisfrane joint, 378 



Liver, 179-198 
abseesses of, 197-198 
arterial supply of, 187, 
188f, 189 

basie gross anatomy of, 
179, 180f-181f 
eirrhosis of, 193, 195f, 
196f, 197 
functions of, 192 
hemobilia and, 198 
innervation of, 184, 
186-187 

lobes of, 180f-181f, 

182, 183f 

lymphatie drainage of, 
186f, 189, 191f, 192 
segments of, 182, 183f, 
184, 185f 

surfaces and bed of, 

181f 

trauma to, 192, 198 
tumors of, 192-193, 
194f-195f 

vessel and duct system 

of, 184, 185f-186f 
Liver failure, 193, 197 
Liver function tests, 106 
Lobular eareinoma in situ 

(LGIS), 54, 55 
Lumbar curvature, 27, 28f 
Lumbar lymph nodes. 

See Aortie (hrnibar) 
lymph nodes. 

Lumbar ribs, 27 
Lumbar vertebrae, 28f, 

30f, 31, 34, 36, 38 
Lumbosacral plexus, 34, 
35f, 348, 349 


Lumbrical muscles, 3321’ 
innervation of, 334f, 
336 

Lunate bone, 327, 
328f-329f 

Lung, trauma to, 79, 80f, 
81 

Luschka, ducts of, 99 
Lymph nodes 

abdominal wall and, 

154 

breast and, 49-50, 60 
esophagus and, 68, 69f 
female pelvis and, 277f, 
278 

gallbladder and, 102, 

103f 

kidneys and, 171f, 172 
large intestine and, 90, 
90f, 114, 116f, 117 
liver and, 189, 191f 
lower limb and, 369f 
panereas and, 103f, 

206f 

prostate and, 263, 264f, 
268, 270 

rectum and, 239f 
stomaeh and, 69f, 140f, 
191f 

M 

Maisonneuve fracture, 
384f 

Mallet fìnger, 339f 
Mammary (internal 
thoraeie) arteries, 47, 
48f, 77f, 79, 188f 
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Mammary (internal 

thoraeie) veins, 48f, 49, 
79 

Mandible, 3, 4f, 15, 16f, 27 
Mandibular division of 
trigeminal nerve, 8f, 9 
Manubrium, 76, 76f, 78 
Marginal artery, 113f, 114, 
216 

Maxilla, 3, 4f, 12f, 13, 14f, 
15 

Maxillary arteries, 5 
Maxillary division of 
trigeminal nerve, 8f, 9 
Maxillary veins, 7 
McBurney’s point, 87f, 93 
Meekel’s diverticulum, 

117, 219, 222, 223f, 224 
Medial malleolus, 359, 

375, 380, 384f 
Medial meniscus, 361, 
361f, 362, 372f 
Median nerve, 306f 
in forearm, 315, 

316f-317f, 319 
in wrist and hand, 330, 
33lf, 334f, 335-336 
Meissner’s plexus, 110, 
111, 129, 132, 133, 

214,215,233 
Meniscus(i), 361, 361f, 362 
injury to, 372f, 373 
Mental nerve, 8f 
Mesentery(ies), 88, 109, 
HOf, 130, 130f, 132, 

211 

Mesoappendix, 85, 

86f-87f, 88-90 


Mesometrium, 271, 272f 
Mesosalpinx, 272f 
Metaearpal bones, 327, 

328f, 338, 339f 
Metaearpal ligaments, 330 
Metaearpophalangeal 
joints, 330, 339f 
Metatarsal bones, 376f, 
377, 388f 

Metatarsal joint, 378 
Metatarsophalangeal joint, 

388f 

Middle meningeal artery, 
13 

Monteggia fracture/ 
disloeation, 322f, 325 
Murphy’s sign, 107 
Musculocutaneous nerve, 
302, 303f, 306f, 307 
Musculophrenic arteries, 

79 

N 

Nasal bone, 3, 4f, 12f, 13 
Navicular bone, 375, 376f, 
378 

Nervi erigentes, 247, 260, 
263 

O 

Obturator artery, 275f, 
349, 350f-35lf, 352 
Obturator foramen, 243, 
247 

Obturator lymph nodes, 
263, 277f 



Obturator nerve, 247, 

349, 354 

Obturator veins, 349 
Oeeipital artery, 5 
Oeeipital bone, 3, 10, 33 
Oeeipital nerves, 8f 
Oeeipitofrontalis muscle, 

5 

Oculomotor nerve (III), 9 
Odontoid proeess (dens), 

29, 32, 33, 39f 
Oleeranon, 313, 314, 314f 
fractures of, 320, 321f, 
325 

Oleeranon fossa, 300f 
Olfaetory nerve (I), 9 
Omental (epiploie) 
appendiees, 109, 118f 
Omental (epiploie) 
foramen (of Winslow), 
179, 180f 
Omentum 

greater, 109, 128f, 132, 

212f 

lesser, 128f, 130, 132, 
179, 180f 

Ophthalmie artery, 6f, 7 
Ophthalmie division of 
trigeminal nerve, 8f, 9 
Optie nerve (II), 9 
Orbital fractures, 12f, 13, 
14f, 15 

Ovarian arteries, 274 
Ovarian eysts, 278, 280f, 
282f, 283, 285f 
Ovarian tumors, 55, 284, 
285f, 286 

Ovarian veins, 276 


Ovaries, 272f, 273-274 
bleeding and, 280f 
endometriosis in, 283, 
283f 

lymphatie drainage of, 
277f, 278 

P 

Palmar aponeurosis, 332f 
Palmar areh, arterial, 333, 
334f, 335 

Palmar digital arteries, 

332f, 334f, 335 
Palmar digital nerves, 

332f, 334f, 336 
Palmar interosseous 
faseia, 332f, 333 
Palmar ligaments, 330 
Palmar metaearpal 
arteries, 334f, 335 
Panereas, 199-210 
anatomy of, 199-202, 

200f 

arterial supply of, 13 6f, 
202, 203f 

eareinoma of, 207, 208f 
duodenum in relation 
to, 130, 13 lf, 133 
endoerine tumors of, 
146, 193f, 207, 209, 
210f 

functions of, 201-202 
innervation of, 202 
lymphatie drainage of, 
103f, 205, 206f 
venous drainage of, 

204f, 205 


407 


lndex 





Index 


Panereatie duct, 200-201 
aeeessory, 131, 201 
eommon bile duct and, 

96f, 100, 200 

Pancreaticoduodenal 
arteries, 136f, 137, 202, 
203f, 216, 217f 

Pancreaticoduodenal 
lymph nodes, 103f, 206f 
Pancreaticoduodenal 
veins, 138f, 139, 204f, 
205 

Panereatitis, 108, 205, 207 
Parathyroid glands, 19, 20f 
Parietal artery, 6f 
Parietal bone, 3, 4f, 13 
Parietal vein, 6f 
Pars interarticularis, 30f 
Patella, 359, 368, 373 
Patellar tendon, 359 
Peau d’orange, 56, 58f 
Peeten pubis, 245 
Peetinate line, 231, 232, 

232f, 238 

Peetineal ligament (of 
Gooper), 147, 156 
Peetineal line, 245, 343 
Peetoral girdle, 75, 

289-297, 290f-291f, 
293f 

fractures of, 295, 296f, 
297 

Peetoral nerves, 306f, 307 
Peetoralis faseia, 45, 46f, 
56f 

Peetoralis major, 45, 46f, 
49, 75 

Peetoralis minor, 75 


Pedieles, vertebral, 27, 30f 
Pelvie fractures, 249-255, 
251f-254f 

Pelvie plexus, 112, 234f, 
235, 260, 26lf 
Pelvis 

arteries of, 247-249, 
248f 

in female, 275f 
joints of, 244f, 246 
ligaments of, 244f, 246 
lymph nodes of, 
prostate and, 263, 

268, 270 
nerves of, 234f, 

246-247, 261f 
skeleton of, 243, 244f, 
245-246 

venous drainage of, 

248f, 249, 250 
Penis, 260, 261f-262f, 269f 
Perineum, 239f, 247, 249, 
262f 

Peritoneal sae 
greater, 147, 148f 
lesser, 179 

Peritoneum, 147, 148f 
Peritonitis, 91, 123f 
Peroneal (fibular) artery, 
363f, 364, 366, 381 
Peroneal (fibular) division 
of seiatie nerve, 353f, 
354, 368, 382 
Peroneal nerve. See 
Fibular (peroneal) 
nerve. 

Peroneal (fibular) veins, 
363f, 364 



Peroneus (fibularis) brevis 
tendon, 377, 379f 
Peroneus (fibularis) longus 
tendon, 377, 379f 
Pes anserinus, 362 
Peyer’s patehes, 131, 212, 
213f, 219 

Phalangeal fractures 
of foot, 388f 
of hand, 338, 339f, 340f 
Phalanges 

of foot, 376f, 377 
of hand, 327, 328f 
Phrenie artery, inferior, 

65, 66f, 188f 

Phrenie lymph nodes, 69f, 
189, 19 lf 

Phrenie nerves, 33, 187 
Phrenie vein, left inferior, 
67f 

Pilon fracture, 374 
Pisiform bone, 320, 327, 
328f-329f, 336 
Plaeenta, 280f 
Plantar arteries, 380f, 381 
Plantar eompartment, 
378-379 

Plantar ligaments, 379f 
Plantar nerves, 380f, 382 
Plieae circulares, 131, 

132,211,214 
Popliteal artery, 347f, 

349, 350f, 352, 364, 
365f, 366, 373 
Popliteal lymph nodes, 

369f 

Popliteal vein, 347f, 349, 
352, 366, 369f, 381 


Porta hepatis, 18 lf 
Portal hypertension 

eirrhosis and, 193, 196f 
hemorrhoids in, 114, 235 
Portal triads, 179, 180f, 
184, 185f, 191f 
Portal vein, hepatie, 189, 
190f 

branehes of, 182, 184, 
185f-186f 
eareinoma in, 195f 
esophagus and, 67f, 68 
gastroduodenal drainage 
and, 137, 138f, 139 
hepatoduodenal 
ligament and, 179, 
180f, 189 

panereas and, 199, 

204f, 205 

reetal venous plexuses 
and, 235, 237f, 238 
small intestine and, 
218f, 219 

superior mesenterie 
vein and, 89, 89f, 

114, 115f, 188f, 189 
Posterior auricular artery 
and vein, 5, 6f, 9 
Posterior emeiate 
ligament, 361f, 362 
Posterior longitudinal 
ligament, 32, 36 
Posterior meniseofemoral 
ligament, 361f, 362 
Posterior superior iliae 
spine, 243, 244f 
Pouch of Douglas. See 
Rectouterine pouch. 
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Prineeps pollieis artery, 

334f, 335 

Processus vaginalis, 155f, 

156 

Profunda braehii artery, 
304f, 305, 318 
Profunda femoris (deep 
femoral) artery, 349, 
350f-351f 

Profunda femoris (deep 
femoral) vein, 352 
Pronator quadratus 
muscle, 315, 319, 324f 
Pronator teres muscle, 
317f, 319, 324f 
Proper hepatie artery, 96f, 
100, 103f, 137, 179, 
180f, 184, 185f, 187 
Prostate, 257-270, 258f, 
26lf, 262f, 264f. See 
also Benign prostatie 
hyperplasia. 

Prostate speeifìe antigen 
(PSA), 263, 265 
Prostateetomy 

radieal, 268, 269f, 270 
transurethral (TURP), 
265, 266, 267f 
Prostatie eareinoma, 263, 
266, 268, 268f, 270 
Prostatitis, 263 
Proximal interphalangeal 
joint disloeations, 340f 
Pterion, 4f, 13 
Pterygoid venous plexus, 

7 

Pubic ramus(i), 243, 244f, 
245, 252f 


Pubic symphysis, 244f, 
245, 246, 250, 251f, 
254f 

Pubic tubercle, 147, 149, 
244f, 245 

Pubis, 244f, 245, 246 
fractures of, 250, 25lf, 
252f, 254f 

Pubofemoral ligament, 
344f, 346 

Pudendal artery 
external, 349 
internal, 236f, 248f, 249 
prostate and, 262f, 263 
vagina and, 275f, 276 

Pudendal nerve, 234f, 247 

Pudendal vein, internal, 

237f, 276 

Pylorie lymph nodes, 

103f, 206f 

Pyloms, 127, 128f, 129 

Q 

Quadrate lobe, of liver, 
180f-181f, 182, 183f, 
189 

Quadratus femoris, 348 

Quadratus lumborum, 

163, 164f 

Quadratus plantae, 378, 
382 


R 

Radial artery, 305 
in forearm, 315, 316f, 
317f, 318 



Radial artery ( eontiniied ) 
in wrist and hand, 33lf, 
333, 334f, 338 
Radial bursa, 332f, 333 
Radial nerve, 302, 303f, 
306f, 307, 310 
in forearm, 315, 316f, 
320 

in wrist and hand, 336 
Radial vein, 319 
Radialis indieis artery, 
334f, 335 

Radioearpal joint, 313, 
327, 329f 

Radioearpal ligaments, 330 
Radioulnar joint, 313 
Radius, 313, 314f, 316f 
fractures of, 320, 321f, 
323f-326f, 325, 336 
Reetal arteries, 112, 114, 
234f, 235, 236f, 249, 
262f, 263, 275f 
Reetal veins, 112, 114, 

23 7f, 249 

Rectouterine pouch, 273 
endometriosis in, 283, 
283f 

Reetovaginal septum, 231 
endometriosis in, 283f 
Reetovesieal septum, 259 
Rectum, 231, 232f, 233 
arterial supply of, 111, 
235, 236f 

eaneer of, 119, 120f, 
125, 240, 241f, 242 
Grohn’s disease of, 227, 
240 

injuries to, 250 


Rectum ( eontiniied ) 
innervation of, 111, 

233, 234f, 235 
lymphatie drainage of, 
238, 2391' 

ulcerative eolitis of, 

124 

venous drainage of, 235, 
237f, 238 

Rectus abdominis muscle, 
147, 150-151, 153 
Rectus femoris muscle, 
348 

Rectus femoris tendon 
avulsion, 250, 2521’ 
Rectus sheath, 149-151 
Regional enteritis, 122f, 
2261’ 

Renal faseia, 163, 177 
Retinacular arteries, 3511’, 
352, 356 

Retroeeeal reeess, 861’ 
Retromandibrilar vein, 6f, 

7 

Retropharyngeal danger 
spaee, 61 

Ribs, 27, 29, 75-76, 761’ 
fractures of, 75, 79, 801’, 
81 

Roeky-Davis ineision, 93 
Rotter’s nodes, 48f, 49 
Round ligament of femoral 
head, 343, 346, 355f 
Round ligament of liver, 
179, 180f-181f, 188f, 
1901' 

Round ligament of uterus, 
149, 152, 278, 285f 
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Roux-en-Y 

gastrojejunostomy, 145 
Rugae, 127 

s 

Saeral artery(ies), 34, 

236f, 247^ 248, 248f 
Saeral curvature, 27, 28f 
Saeral ganglia, 247, 260 
Saeral hiatus, 31, 245 
Saeral lymph nodes, 264f, 
277f ' 

Saeral plexus, 247, 260, 
26 lf 

Saeral veins, 249 
Saeral vertebrae, 31, 38 
Saeroeoeeygeal ligaments, 
31, 245 

Saeroiliae (SI) joints, 

244f, 245, 246, 254f 
Saeroiliae ligaments, 243, 
244f, 246, 250, 253 
Sacrospinous ligament, 
243, 244f, 246 
Sacrotuberous ligament, 
243, 244f, 246, 348 
Saeram, 28f, 245 
faseia lata and, 348 
fractures of, 38, 250, 
251f-252f, 253 
Saphenous veins, 352, 
366, 369f, 381 
Sartorius muscle, 243, 
347f, 348, 349 
Sartorius tendon, 250, 
252f, 362 
Sealp, 3, 5, 6f, 7 


Seaphoid, 327, 328f-329f, 
330 

fractures of, 33 7f, 338 
Scapula, 75, 289, 290f, 

291, 292 

fractures of, 295, 297 
subclavian artery and, 

292, 293f, 294, 302, 
305 

Scapular arteries, 292, 
293f, 294, 302, 304f, 
305 

Seaprilar veins, 294 
Searpa’s faseia, 147, 348 
Seiatie foramen 
greater, 244f, 246, 247, 
249, 353f 

lesser, 244f, 246, 249 
Seiatie nerve, 35f, 247, 
353f, 354, 368 
ankle and foot branehes 
of, 380f, 381-382 
ilium and, 243, 244f 
thigh eompartments 
and, 347f, 348, 349 
Seiatie noteh, greater, 243 
Seotty dog, radiographie, 
40f 

Semicircular lines (of 
Douglas), 149-151 
Seminal vesieles, 231, 
258f, 260, 269f 
Semitendinosus muscle, 
348, 353f, 362 
Short gastrie arteries, 66f, 
13 5f, 137 

Short gastrie veins, 67f, 
138f, 139 



Short-bowel syndrome, 

227 

Shoulder 

arterial supply of, 292, 
293f, 294, 302, 304f, 
305 

bones and joints of, 

289, 290f, 291, 299, 
300f-301f 

ligaments of, 291-292, 
301f 

nerves of, 294-295 
venous drainage of, 294 
Sigmoid arteries, 112, 

113f, 236f 

Sigmoid eolon, 109, 1101' 
diverticula in, 117, 119 
innervation of, 111, 112 
small intestine and, 

212f 

volvulus of, 124 
Sigmoid lymph nodes, 1161’ 
Sigmoid mesoeolon, llOf, 
111 

Sigmoid veins, 114, 115f 
Skull, 3, 4f 

Skull fractures, 10, llf, 

13 

Small intestine, 211-227 
anatomy of, 211, 212, 
212f-213f, 214 
arterial supply of, 213f, 
216, 217f 

Grohn’s disease of, 121, 
122f, 225, 226f, 227 
diverticula of, 222 
endoerine functions of, 
214 


Small intestine ( eontiniied ) 
innervation of, 

214-216, 2151' 
intussusception of, 219, 

221f, 222 

lymphatie drainage of, 

219, 2201' 
neoplasms of, 142, 
224-225 

obstmetion of, 219, 224 
short-bowel syndrome 
and, 227 

venous drainage of, 

218f, 219 

Snuffbox, anatomieal, 335 
seaphoid fracture and, 
337f, 338 

Soleal line, 359, 360f 
Soleus muscle, 363f, 364, 
365f, 386 

Spaees of Disse, 186f, 191f 
Spaees of Mall, 19lf 
Spermatie eord, 148f, 149, 
152-154, 156 
Spermatie faseia, 148f, 
149, 152, 153, 155f 
Sphenoid bone, 3, 4f, 9, 
13, 15 

Sphineter of Oddi, 99, 

100, 104,201 
(Spinal) aeeessory nerve 
(XI), 10 

Spinal arteries, 34 
Spinal eord, 33-34, 35f, 

36 

injury to, 38 
Spinal nerve root 
eompression, 41f 
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Spinal nerves, 31, 33, 34, 
35f 

braehial plexus and, 

295, 306 

eervieal, 8f, 10, 295 
intereostal nerves and, 
77f, 78 

Spine, 27, 28f, 31-34, 36 
Spinous proeesses, 29, 30f 
Spleen, 203f-204f 
Splenie artery, 65, 66f, 

135f, 137, 202, 203f 
Splenie lymph nodes, 

140f, 206f 

Splenie vein, 67f, 68, 114, 
115f, 138f, 139, 189, 
190f, 204f, 205, 206f 
Splenorenal ligament, 

164f 

Spondylolisthesis, 40f 
Spondylolysis, 40f 
Spring ligament, 375, 

379f 

Stellate ganglion, 64f 
Sternal angle of Louis, 78 
Sternal faeet of elaviele, 
289, 29lf 

Sternoclavicular joint, 

289,292 

Sternoeostal joints, 76, 78 
Sternomastoid muscle, 10 
Stermim, 76, 76f, 78 
fractures of, 79, 80f 
Stomaeh 

arteries of, 13 5f, 137 
functional anatomy and 
motility of, 127, 129 
gastritis of, 139 


Stomaeh ( continued ) 
hiatal hernia of, 142, 
143f 

innervation of, 133, 

134f, 135 

lymphatie drainage of, 
139, 140f 

malignaneies of, 144f, 
145,146 

parts of, 127, 128f 
ulcers of, 139, 141f, 

142, 145 

venous drainage of, 137, 
138f, 139 

Straight arteries (arteriae 
reetae), 113f, 213f, 217f 
Straight veins (venae 
reetae), 218f 

Styloid proeess, 313, 314f, 
329f 

Subacromial bursa, 299, 

30 lf 

Subclavian arteries, 79, 
292, 293f, 302, 305 
Subclavian veins, 65, 67f, 
79,294,305 
Subclavius muscle, 75, 
289, 29lf, 295 
Subcostal arteries, 78 
Subdeltoid bursa, 299,301f 
Subsartorial eanal, 349 
Subscapular artery, 293f, 
294, 304f, 305 
Subscapular fossa, 289, 
290f 

Subscapular veins, 294 
Subscapularis muscle, 

299, 30lf 



Siiperior mesenterie artery 
eolon and, 111, 112, 

113f, 114, 125f 

eommon hepatie artery 
and, 189 

eystie artery and, 101 
duodenum and, 130f, 
131, 133, 136f, 137 

ileoeolie artery and, 

86f, 88 

kidneys and, 164f 
left renal vein and, 168, 

170f 

lymph nodes and, 219 
panereas and, 199, 

200f, 202, 203f 
riéht hepatie artery 
and, 189 

small intestine and, 

216, 217f-218f 

Superior mesenterie 
ganglion, 133, 167f, 

215, 215f 

Superior mesenterie 

lymph nodes, 90, 90f, 
114, 116f 

intussusception and, 

222 

panereas and, 205, 206f 
small intestine and, 

219, 220f 

Superior mesenterie 
plexus, 112, 166, 168, 
214, 215f, 216 
Superior mesenterie vein 
eolon and, 114, 115f 
gastroduodenal drainage 
and, 137, 138f 


Superior mesenterie vein 
( eontimied ) 
ileoeolie vein and, 89, 
89f 

panereas and, 199, 

200f, 204f, 205 
portal vein and, 189, 
190f 

small intestine and, 

218f, 219 

Supinator muscle, 317f, 
320, 324f 

Supraorbital artery, 6f, 7 
Supraorbital nerve, 8f 
Supraorbital vein, 6f 
Suprascapular artery, 292, 
293f, 294, 302, 305 
Suprascapular nerve, 295 
Suprascapular noteh, 289, 
290f, 292, 302 
Suprascapular veins, 294 
Supraspinatus muscle, 

295, 299 

Supraspinatus tendon, 

299, 30lf, 308f 

Supraspinous ligaments, 
32,246 

Suprasternal (jugular) 
noteh, 22f, 76, 76f 
Supratrochlear artery, 6f, 

7 

Supratrochlear nerve, 8f 
Supratrochlear vein, 6f 
Suspensory ligaments of 
breast, 45, 46f, 55, 56f 
Suspensory ligaments of 
ovaries, 271, 272f, 274, 
276 
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Sustentaculum tali, 375, 

376f, 379f, 386 
Sutures, 3 

T 

Taeniae eoli, 109, llOf, 
111 

appendix and, 85, 111 
diverticula and, 117, 

118f 

rectum and, 111, 231, 
233 

Talus, 375, 376f, 377, 378 
avascular neerosis of, 
385f, 386 

fractures of, 382, 385f, 
386 

Tarsal bones, 375, 376f, 
377 

fractures of, 382, 
385f-386f, 386 
Teetorial membrane, 32 
Temporal artery, 5, 6f 
Temporal bone, 3, 4f, 10, 
13, 15 

Temporal vein, 6f, 7 
Temporoparietalis muscle, 
5 

Teres minor tendon, 299, 
30 lf 

Testicular arteries, 148f, 
153-154 

Testicular veins, 148f, 153 
Testis, 153, 154 
Theea eell tumors, 280f 
Theea eells, 273 
Theea lutein eells, 274 


Thenar eminenee, 336, 

33 7f, 338 

Thenar spaee, 332f, 333, 
334f, 336 
Thigh 

arterial supply of, 349, 
350f, 352 
eompartment 

syndromes of, 354, 
358 

eompartments of, 346, 
347f, 348-349 
innervation of, 353f, 

354 

lymphatie drainage of, 
369f 

veins of, 352, 369f 
Thoraeie eage, 75, 77f, 
78-79, 80f, 81 
Thoraeie curvature, 27, 

28f 

Thoraeie duct, 69f, 205, 

220f 

Thoraeie vertebrae, 28f, 
29, 34, 36, 38 
Thoraeoaeromial artery, 
294, 304f 
Thumb, 327 
injury to, 339f 
proper digital artery of, 
334f, 335 

Thyroid gland, 17, 18f, 
19-21, 20f 

arterial supply of, 18f, 
19, 20f 

eaneer of, 21, 23 
Graves’ disease and, 21, 

22f 



Thyroid gland ( eontiniied ) 
lymphatie drainage of, 21 
venous drainage of, 18f, 
19-20, 20f 

Tibia, 359, 360f, 363f 
ankle ligaments and, 
378, 379f 

malleoli of, 359, 375, 
377, 380, 384f 
talus and, 375 

Tibial arteries, 363f, 364, 
365f, 366, 367f 
in ankle and foot, 380f, 
381, 385f 

shaft fractures and, 373 

Tibial division of seiatie 
nerve, 353f, 354, 368, 
381-382 

Tibial fractures 

at ankle, 382, 383f-384f 
pilon fracture, 374 
eompartment syndrome 
seeondary to, 368 
plateau, 370f, 373 
shaft, 37Of, 373-374 
stress, 374 

Tibial nerve, 353f, 364, 
365f, 380f 

Tibial veins, 363f, 364, 
366, 381 

Tibialis anterior muscle, 
364, 367f 

Tibialis posterior muscle, 
364, 365f, 375 

Tibioealeaneal ligament, 
378, 379f 

Tibiofibular bgaments, 

378, 379f, 384f 


Tibionavicular ligament, 

378, 3791' 

Tibiotalar joint 

disloeation, 385f, 386 
Tibiotalar ligaments, 378, 
379f 

Tietze’s syndrome, 47 
Transversabs faseia, 147, 
148f, 151-153, 156, 

157 

Transverse faeial artery, 

5, 6f 

Transverse faeial vein, 6f 
Transverse proeesses, 27, 
29, 30f, 76 

Transversus abdominis 
muscle, 147, 148f, 150 
Transversus perinei 
muscle and faseia, 259 
Trapezium, 327, 328f, 

329,330 

Trapezms muscle, 10, 75 
Trapezoid bone, 327, 328f 
Trapezoid ligament, 290f, 
292 

Trapezoid line, of elaviele, 
289, 29lf 

Triangle of Galot, 97, lOlf 
eholeeysteetomy and, 
108 

Triangular ligaments, 179, 

18 lf 

Trieeps braehii muscle, 
302, 303f, 307 
Trieeps tendon, 291 
Trigeminal nerve (V), 8f, 9 
Triquetrum, 327, 
328f-329f, 330 
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Trituration, 127, 129 
Troehanter, 343, 345f, 

356 

Troehlear nerve (IV), 9 
Tunica albuginea 
ovarian, 274 
testicular, 153 
Tunica vaginalis, 152, 

153, 1551’ 

U 

Ulcerative eolitis, 121, 
123f, 124 
Ulcers 

in Grohn’s disease, 121, 
227 

duodenal, 139, 142, 
2101 ' 

gastrie, 139, 141f, 142, 
145 

Meekel’s diverticulum 
with, 224 

Ulna, 299, 313, 314f, 

316f 

fractures of, 320, 
321f-322f, 325, 336, 
338 

Ulnar artery, 305, 315, 
316f, 317f, 318, 331f 
in wrist and hand, 333, 
334f, 335, 336 
Ulnar bursa, 332f, 333 
Ulnar nerve, 303f, 306f, 
315, 316f-317f, 
319-320 

in wrist and hand, 33lf, 
334f, 336 


Ulnar vein, 319 
Umbilical artery, 248 
Umbilical hernia, 

157-158, 159f 
Umbilical vein, 179, 181f 
Umbilicus, 190f, 223f 
“Unhappy triad” of 
0’Donoghue, 372f 
Ureteral obstmetion, 
173f-174f 
Ureters, 165f, 166 

arterial supply of, 166, 
169f-170f ' 
innervation of, 166, 
167f, 168 

uterine arteries and, 

275f, 276 
Urethra 
female, 274 

prostate and, 257, 258f, 
259, 260 

Urethral injuries, 250 
Urethral obstmetion, 174f 
Urethral sphineters, 258f, 
262f, 269f 

Urethral stricture, 267f 
Urinary traet obstmetion, 
174f, 175 

Urogenital diaphragm, 

male, 259 

Uterine arteries, 248-249, 
274, 275f, 276 
Uterine bleeding, 
dysfunctional, 

279f-280f 

Uterine diseases, 278, 
280f-281f, 283-284, 
283f 



Uterine (fallopian) tubes 

(ducts), 272f, 273 
endometriosis in, 283f, 
284 

lymphatie drainage of, 
277f, 278 
Uterine veins, 276 
Uterosacral ligament, 271, 
272f 

Uterovesical pouch, 273 
Uterus, 271, 272, 272f 
arterial supply of, 274, 
275f, 276 

lymphatie drainage of, 
277f, 278 


V 

Vagina, 250, 274, 276 
Vaginal artery, 248-249, 
275f, 276 
Vaginal veins, 276 
Vagus nerve (X), 8f, 10 
Valves of Kerekring, 213f 
Valvulae eonniventes, 
131, 132, 211, 214 
Variees, esophageal, 68, 
137, 196f 

Vas deferens, 148f, 153, 
154, 155f, 258f, 260 
Vasoaetive intestinal 
peptide (VIP), 202, 

209 

Vastus intermedius, 348 
Vastus lateralis, 347f, 

348 

Vastus medialis, 347f, 
348 


Venae reetae (straight 
veins), 218f 

Venous sinuses, eerebral, 

3, 7,9 

Vertebra prominens, 27 
Vertebrae, 27 

arterial supply of, 34 
venous drainage of, 36 
Vertebral areh (faeet) 
joints, 30f, 32, 36 
Vertebral artery, 7, 29, 

34 

Vertebral body, 27, 30f 
Vertebral foramen, 30f 
Vertebral fractures, 27, 

36, 37f-41f, 38 
Vertebral noteh, 30f 
Vertebral venous plexuses, 
242,263 

Vesieal arteries, 235, 248, 
262f, 263, 275f, 276 
Vesieal veins, 263, 276 
Vesicouterine pouch, 273 
Vestibule, 274 
Vestibuloacoustic nerve 

(VIII), 10 

VIP (vasoaetive intestinal 
peptide), 202, 209 
VlPoma, 209 
Virchow’s node, 69f 
Viscerocranium, 3 
Volvulus, 109, 124, 219, 
227 

W 

Werner-Morrison 
syndrome, 209 
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Whipple’s triad, 209 
Wilms’ tumor, 175 
Wrist, 327-340 
anatomy of, 327, 
328f-329f, 329-330, 
331f, 333 

arterial supply of, 333, 
334f, 335 
eompartment 

syndromes of, 336, 
338 

eompartments of, 

330, 331f-332f, 

333 

fractures of, 320, 336, 
337f, 338 

innervation of, 334f, 
335-336 

joints of, 327, 329-330 
ligaments of, 330 
venous drainage of, 

335 


X 

Xiphoid proeess, 76f, 78 
linea alba and, 151 

Y 

Y ligament of Bigelow, 
344f, 346 

Z 

Zenker’s diverticulum, 68, 
70 

Zollinger-Ellison syndrome, 
146, 209, 2101' ' 

Zona orbicularis, 344f 

Zygomatie bone, 3, 4f 

Zygomatie fractures, 12f, 
14f, 15 

Zygomatieofaeial nerve, 8f 

Zygomatieotemporal 
nerve, 8f 



